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Exposure to pesticides presents health risks for farmworkers. Pesticide protective 
behaviors (PPBs), including clothing and washing behaviors, reduce exposures. The 
Worker Protection Standard (WPS) mandates that PPBs be taught to farmworkers. PPB 
adherence and barriers must be understood to shape meaningful health policy, enact 
effective educational requirements, and test interventions that decrease pesticide 
exposure, minimizing adverse health outcomes for farmworkers. Using the Health Belief 
Model as a guide, this study explored farmworkers’ adherence to WPS standards; their 
perceptions of threat of illness and cancer from pesticides; and their beliefs about 
benefits, facilitators, barriers, and strategies to mitigate barriers to PPB use. Seventy-two 
Latino farmworkers and three growers in North Carolina working on tobacco farms were 
enrolled. A prospective field observation and self-report design was utilized. 
Farmworkers were observed using more clothing than previously reported (90%–99% 
pants/long sleeves/closed shoes; 39% gloves), but had low rates of washing behaviors 
(0%–17%), even when supplies were available. Farmworkers’ reported use of long pants 
and closed shoes was consistent with field observation; however, the use of long sleeves 
and gloves was more than was observed (97% vs. 90%, p = .028 and 83% vs. 39%, p = 
.000), and washing behaviors were markedly over-reported (43%–91% vs. 0%–10%, p = 
.000–.058). Farmworkers perceived pesticide exposure as an illness and cancer threat. 
 iv 
 
They strongly endorsed the efficacy of clothing in minimizing those threats. While threat 
perception was not correlated with protective behaviors, findings suggest that protective 
clothing declined with greater agricultural experience. Farmworkers described wetness as 
the major obstacle to PPBs and reported concern for green tobacco sickness (GTS). They 
utilized hats and water-resistant outerwear, whose efficacy in minimizing pesticide 
exposure is unknown. Given higher rates of reported behaviors than observed, self-report 
should not be a proxy for actual behavior. Public health implications include increased 
emphasis on washing behaviors in training, and the potential benefit of moderately 
experienced farmworkers rather than more experienced farmworkers in reinforcing PPBs. 
For tobacco farmworkers in particular, pairing concerns about GTS and pesticide safety 











“I have met many, many farmworkers and friends who love justice and who are willing to 
sacrifice for what is right. They have a quality about them that reminds me of the 
beatitudes. They are living examples that Jesus’ promise is true: they have been hungry 
and thirsty for righteousness and they have been satisfied. They are determined, patient 
people who believe in life and who give strength to others. They have given me more 
love and hope and strength than they will ever know.” 
—Cesar Chavez 
 
This dissertation is dedicated to the farmers, farmworkers, and friends I have 
come to know both in the field and in the hospital. Their spirit, perseverance, 





TABLE OF CONTENTS 
 
 
ABSTRACT ....................................................................................................................... iii 
LIST OF TABLES ............................................................................................................. ix 
LIST OF FIGURES ........................................................................................................... xi 
ACKNOWLEDGEMENTS .............................................................................................. xii 
Chapters 
1 INTRODUCTION ............................................................................................................1 
 
Statement of the Problem .....................................................................................................1 
Literature Review.................................................................................................................2 
Purpose and Specific Aims ................................................................................................23 






Data Management ..............................................................................................................49 




2 OBSERVED AND SELF-REPORTED PESTICIDE PROTECTIVE BEHAVIORS   
OF LATINO FARMWORKERS .................................................................................67 
   
Abstract ..............................................................................................................................67 
Introduction and Background ............................................................................................68 







3 TOBACCO GROWER AND FARMWORKER PERCEPTIONS OF FACTORS 










4 THE RELATIONSHIP BETWEEN PERCEIVED THREAT OF PESTICIDES      














Summary of Findings and Additional Analyses ..............................................................176 
Discussion ........................................................................................................................190 
Limitations .......................................................................................................................196 
Implications for Future Research .....................................................................................200 






A OBSERVATIONAL CHECKLIST .............................................................................215 
B SELF-REPORT OF BEHAVIOR QUESTIONNAIRE ...............................................217 
C ILLNESS THREAT QUESTIONNAIRE (FARMWORKER)....................................220 
D CANCER THREAT QUESTIONNAIRE (FARMWORKER) ...................................222 
E TARGETED INTERVIEW QUESTIONS (FARMWORKER) ..................................224 
 viii 
 
F TARGETED INTERVIEW QUESTIONS (GROWER) ..............................................229 
G IRB CONSENT DOCUMENT (GROWER) ...............................................................232 
H IRB CONSENT DOCUMENT (FARMWORKER)....................................................235 
I DEMOGRAPHIC QUESTIONNAIRE (FARMWORKER) ........................................240 
J DEMOGRAPHIC QUESTIONNAIRE (GROWER) ...................................................247 
K ILLNESS THREAT QUESTIONNAIRE (GROWER) ...............................................250 





LIST OF TABLES 
 
 
1.1 Observable and Nonobservable Behaviors in the “Protect Yourself from Pesticides” 
Training Brochure  .......................................................................................................40 
2.1 Farmworker Personal Characteristics  .........................................................................79 
2.2 Frequency of Implementation of Pesticide Protective Behaviors Among 71 
Farmworker Participants  .............................................................................................81 
2.3 Behavior Variation by Time  .......................................................................................84 
2.4 Self-Reported Behaviors of 72 Farmworkers  .............................................................85 
2.5 Comparison of Observed and Self-Reported Behaviors of Farmworkers  ..................88 
3.1 Personal Characteristics of Growers and Farmworkers  ............................................110 
3.2 Farmworker Facilitators of PPBs: Themes, Occurrence, and Exemplars  .................114 
3.3 Farmworker Barriers to PPBs: Themes, Occurrence, and Exemplars  ......................116 
3.4 Farmworker Strategies to Overcome Barriers to PPBs: Themes, Occurrence, and 
Exemplars  .................................................................................................................119 
3.5 Grower Strategies to Overcome Barriers to PPBs: Themes, Occurrence, and 
Exemplars ..................................................................................................................122 
4.1 Farmworker Personal Characteristics  .......................................................................149 
4.2 Illness-Threat Responses of Farmworkers  ................................................................151 
4.3 Cancer-Threat Responses of Farmworkers  ...............................................................152 
4.4 Summary Scores for Observed Pesticide Protective Behaviors and for Perceived 
Threat  ........................................................................................................................153 
4.5 Correlations Between Perceived Threat and Behavior Summary Scores  .................155 
5.1 Personal Characteristics of Growers and Farmworkers  ............................................178 
 x 
 
5.2 Variation in Observed and Self-Reported Behavior by Farm  ...................................184 






LIST OF FIGURES 
 
 
1.1 Health Belief Model                  27 
1.2 Study Research Model                       28 








I am grateful to many people for their investment in and support of me in the 
pursuit of my PhD. To my mother, Debbie Lee, whose dedication to the profession of 
nursing and commitment to education inspired my path, and who has been a living 
example of what it means to believe in, nurture, support, and love someone 
unconditionally. I aspire to love just like you. To my husband, Bill Walton, who has 
weathered every challenge beside me and celebrated every joy as if it were his own, I 
cannot thank him enough for the daily fulfillment of his vow to put me and our family 
first. I admire and desire the positivity, generosity, and contentment of his spirit. To my 
sweet boys, Liam and Owen, who were given to me along this journey, thank you for 
teaching me what it means to be completely present and in the moment, for in your hugs, 
cuddles, and infectious giggles I celebrate the best gifts life gives. 
I offer heartfelt gratitude to the members of my committee. To Dr. Kathi Mooney, 
for her palpable belief in me as a developing nurse scientist, her commitment to my 
professional development on every level, her broad expertise, and the permanent 
improvement she has made on how I think and write. To Dr. Catherine LePrevost, for her 
instrumental support, encouragement, thoughtful feedback, and integrity in all aspects of 
our work with the agricultural community here in North Carolina. To Dr. Bob Wong, for 
his availability, patience, skill, and incredible ability to lower my anxiety about statistics. 
 xiii 
 
To Dr. Ana Sanchez-Birkhead, for her enthusiastic interest in me and my research, and 
her knowledge of and respect for the farmworker population. Finally, to Dr. Laura 
Linnan, who has shown an unwavering commitment to me as a researcher since 1999, 
and to whose mentorship I am entrusting the next phase of my development.  
I am incredibly blessed to have found myself in the Sisterhood cohort. No name 
could have fit us better. To Jill Olausson, Hilda Haynes-Lewis, Rosie Bloom, and Marie 
Seitz; I am grateful to each of you for enriching my learning with your insights, your 
questions, your support, and your laughter. I am especially grateful to Rosie Bloom for 
being my second coder and skilled table revisionist, and to Marie Seitz for being my 
lifetime conference roommate. To alumnae Dr. Deb Mayer, Dr. Tracy Gosselin, & Dr. 
Sandy Mitchell, my gratitude for being cheerleaders and resources. To Dr. Ashley Leak-
Bryant, my thanks for her encouragement and for always welcoming me into 
opportunities to learn with and from her. Finally, to Beth Lamanna, my daily walking 
partner and former nursing school instructor, who reminds me by her example in my life 
what a difference an outstanding teacher can make. I’m still learning from her.  
I appreciate the generous support of the NINR T32 Traineeship in Cancer, Aging 
and End of Life, the American Cancer Society Doctoral Scholarship in Cancer Nursing, a 
Doctoral Scholarship from the Oncology Nursing Society, the Jonas Nurse Leaders 
Scholarship, the Mary Lewis Wyche Fellowship from the North Carolina Nurses 
Association, the Frederick Q. Lawson Scholarship from the University of Utah, the Nurse 
in Washington Internship Scholarship from the Oncology Nursing Society, and the 
Breakthrough Leaders in Nursing Award from the Robert Wood Johnson Foundation and 










Statement of the Problem 
 
Exposure to pesticides has been linked to deleterious health consequences for 
farmworkers (Centers for Disease Control and Prevention [CDC], 1999; do Pico, 1996; 
Mills, Dodge, & Yang, 2009; Roberts & Reigart, 2013; Saw, Shumway, & Ruckart, 
2011; Villarejo, 2003; Villarejo & McCurdy, 2008); however, pesticide protective 
behaviors (PPBs) have been demonstrated to reduce exposure to pesticides and thus can 
minimize adverse health outcomes, including increased risk for cancer (Alavanja, Ross, 
& Bonner, 2013; Arcury, Quandt, Rao, & Doran, 2005; Curwin, Hein, Sanderson, 
Nishioka, & Buhler, 2003; Hernandez-Valero, Bondy, Spitz, & Zahm, 2001; Quandt et 
al., 2006; Salvatore et al., 2008; Weichenthal, Moase, & Chan, 2010). The Worker 
Protection Standard (WPS), published in 1992 by the Environmental Protection Agency 
(EPA), provides standards for PPBs and mandates that these behaviors be taught to 
farmworkers within 5 days of beginning work in a field and every 5 years thereafter in 
order to minimize exposures (Environmental Protection Agency (US), 2014). The EPA 
standards are currently under review and revision, allowing an opportunity to evaluate 
and potentially strengthen the protections. No study to date has adequately evaluated the 




United States. Perceived benefits, barriers, facilitators, and strategies to mitigate barriers 
to PPBs must be understood in order to shape meaningful health policy and protection 
standards, enact educational requirements that are effective, and test interventions that 
decrease pesticide exposure, ultimately minimizing adverse health outcomes for 
farmworkers. In order to reduce farmworkers’ pesticide exposure risk, their perceived 
threat of illness from pesticide exposure, perceived threat of cancer from pesticide 




Migrant and Seasonal Farmworkers 
 
Estimating the number of farmworkers in the United States is difficult due to their 
transient nature and the lack of a national monitoring system. One farmworker 
enumeration study estimated that there are more than 3 million migrant and seasonal 
farmworkers in the United States (Larson & Plascencia, 1993). North Carolina has a large 
Latino migrant and seasonal farmworker population. The state experienced a 111% 
increase in its general Latino population from 2000 to 2010 and ranks 6th in the nation 
for Latino population growth (United States Census Bureau, 2011). It is also the 6th most 
populous farmworker state in the United States (North Carolina Farmworker Institute, 
2012a). In 2003, it was estimated that 1 in every 10 Latinos in the state were employed in 
farm work, although this is likely an underestimate, as the census is conducted in April 
before migrants arrive and temporary housing is not mapped (North Carolina Institute of 
Medicine, 2003).  




in incidence for Latinos in North Carolina (National Cancer Institute, 2012). Because 
many Latinos are employed in farm work and pesticides are known carcinogens, efforts 
to minimize exposure to pesticides could have a significant impact on cancer incidence 
among this population. Health risks posed by pesticide exposure cannot be completely 
avoided without substantial changes to traditional agricultural practices, but can be 
minimized by education and behavior modification to promote preventive practices 
(Vaughan, 1993b).  
Migrant and seasonal farmworkers are considered a “special-risk” population 
because of the occupational challenges they face, including temporary employment, 
difficulty obtaining safe and sanitary housing, immigration status (many are 
undocumented workers), and migrant lifestyles (Donham, 2006). Also contributing to 
their vulnerability are low wages, long work hours, lack of transportation, and lack of 
health insurance; in fact, the term “disenfranchised” has been used to describe them 
(Arcury & Quandt, 1998). 
 
Effects of Pesticide Exposure 
 
While they do not receive much attention, concerns about farm work and cancer 
appeared in the literature as early as 1982. The earliest work was conducted in Iowa and 
Nebraska (Burmeister, Van Lier, & Isacson, 1982). At that time and in that part of the 
country, farmworkers were predominantly White, and all types of agricultural workers 
(owners, laborers, and so forth) were grouped together in the study cited. Burmeister et 
al. (1982) utilized a case-control design and reported odds ratios. Odds ratios describe 




to other variables. In the study, farmworkers were 1.24 times more likely to be diagnosed 
with leukemia than the nonfarmworkers to whom they were compared. Chronic 
lymphatic leukemia and unspecified lymphatic leukemia were found to be causing the 
elevated mortalities.  
The long-term effects of pesticide exposure, even low-level exposure, include 
increased risk for several types of cancer (Roberts & Reigart, 2013). In the Agricultural 
Health Study, a large prospective cohort study involving 90,000 pesticide applicators and 
their spouses in Iowa and North Carolina, associations were found between non-
Hodgkin’s lymphoma (NHL), leukemia, prostate cancer, breast cancer, and multiple 
myeloma and certain herbicides and insecticides (Alavanja, Hoppin, & Kamel, 2004; 
Alavanja et al., 2013; Weichenthal et al., 2010). Individual pesticides have been 
associated with increased cancer risk, including carbaryl with melanoma; metolachlor 
with lung cancer; pendimethalin with cancers of the lung, pancreas, and rectum; 
permithrin with myeloma; and trifluralin with colon cancer (Storm, 2013). According to 
the North Carolina Cooperative Extension Service (2014), which provides statewide 
recommendations for agricultural production, carbaryl (tradenamed Sevin XLR plus), 
whose carcinogenicity to humans cannot be classified (International Agency for Research 
on Cancer [IARC] classification C) and pendimethalin (tradenamed Prowl 3.3), which is 
possibly carcinogenic to humans (IARC classification 2B; World Health Organization, 









Farmworker Knowledge and Beliefs About Pesticide Exposure 
 
Farmworkers have developed an extensive body of lay knowledge, based on 
personal perceptions, about pesticides and pesticide exposure, including the potential 
health effects of pesticide exposure (Flocks, 2007). Mandated training about pesticide 
safety includes information about the risk of long-term adverse health effects of 
pesticides (United States Environmental Protection Agency [U.S. EPA], 2006). Surveys 
of Latino migrant and seasonal farmworkers have found that they are more likely to 
identify acute effects (e.g., nausea, vomiting, headaches, dizziness, and skin diseases) 
than chronic effects or long-term effects of low-level exposure to pesticides (Elmore & 
Arcury, 2001; Quandt, Arcury, Austin, & Saavedra, 1998). Few farmworkers believe that 
adverse health effects resulting from pesticide exposure will last more than one day 
(Elmore & Arcury, 2001). Researchers have also reported that farmworkers believe that 
individual susceptibility based on gender, age, and perceived vulnerability determine 
sickness from pesticides (Elmore & Arcury, 2001; Flocks, 2007; Quandt et al., 1998). 
Women, the old, the young, and others perceived as weak by farmworkers are considered 
to have the greatest risk for pesticide illness. In a survey of 50 California farmworkers 
about acute and chronic exposure to pesticides, cancer was mentioned most commonly by 
32% of respondents, followed by nonspecified illness (26%) and death (14%; Cabrera & 
Leckie, 2009). These findings suggest a need to improve cancer risk perception as well as 









Pesticide Protective Behaviors 
 
Several pesticide protective behaviors are effective in decreasing pesticide 
exposure and thus reducing risk for illness (Arcury et al., 2005; Curwin et al., 2003; 
Hernandez-Valero et al., 2001; Quandt et al., 2006; Salvatore et al., 2008). Protective 
behaviors are defined as ways farmworkers can reduce their exposure to pesticides and 
reduce the take-home pathway (exposure to others in the home) and occupational 
exposures (Strong, Thompson, Koepsell, & Meischke, 2008). Some of these behaviors, 
according to the EPA, include washing hands before eating, smoking, or using the 
restroom; wearing protective clothing (i.e., long-sleeved shirts, long pants, and work 
boots) to minimize skin contact with residue during work; showering and changing 
clothes immediately after work; and washing work clothes separately from other laundry.  
A few field-based studies of U.S. farmworkers evaluated the effectiveness of 
protective clothing and hand washing with soap (Curwin et al., 2003; McCurdy & 
Hansen, 1994); findings suggest that they are both effective in reducing dermal pesticide 
exposures for farmworkers. Both of these protective behaviors are included in the WPS. 
Also of interest, a recent study that looked at the impact of hand sanitizer in agricultural 
fields, a common substitute for hand washing, found that it actually increases DMTP (a 
biomarker of insecticide exposure) when compared to traditional hand washing 
(Coronado, 2012).  
Some PPBs may be seen as burdensome to efficient farm work. For example, 
Curwin et al. (2003) reported that in harvesting tobacco, gloves are often not worn 
because they hinder the harvesters’ ability to pick the leaves. The EPA mandates growers 




hands of tobacco harvesters and the effectiveness of hand washing in removing those 
residues with hand wipe samples before hand washing (one hand) and after (the other 
hand). Wipe samples of tobacco leaves were also done. Pre- and postwash hand samples 
were positively correlated with leaf-wipe samples. Hand washing reduced levels of 
acephate on the hands by 96% of participants; however, not all residue was removed 
(Curwin et al., 2013). Hand hygiene and glove use have also recently been found to 
modify the associations of specific pesticides with Parkinson’s disease (Furlong et al., 
2015). 
The studies completed to date have assessed self-report of PPBs alone and in 
combination with the collection of biological markers. Urinary metabolites are frequently 
used as a biological measure of pesticide exposure. In one study (Aprea et al., 1994), 
researchers divided workers exposed to pesticides in a previously sprayed peach orchard 
into groups based on which protective clothing they wore, not chosen in accordance with 
the WPS (e.g., cotton gloves, rubber gloves, face masks, and so forth). Those workers 
were compared to controls who were not exposed to pesticides, and in addition to urinary 
metabolites, the hand-wash liquid residue of the workers was studied. Significantly 
higher urinary metabolites were found in all groups compared to unexposed controls and 
a high correlation was found between quantities of active ingredients on the hands and 
key urinary metabolites. 
Organophosphate pesticides (OPs) are among the most commonly used in 
agriculture. Researchers in a study of 73 strawberry fieldworkers in Monterey, California 
used self-report of behavior along with urinary metabolite levels of dimethyl 




exposure, and found that wearing WPS-recommended clothing, wearing clean work 
clothes, and the combination of hand washing with soap and wearing gloves were 
associated with decreases in DMAP and MDA metabolite levels (Salvatore et al., 2008). 
These workers still had significantly higher levels of exposure than a national reference 
sample (adults who participated in the National Health and Nutrition Examination Survey 
(Salvatore et al., 2008). Other studies demonstrated a reduction of OP exposure by 
wearing hats and gloves, which are not WPS mandated (Hernandez-Valero et al., 2001; 
Salvatore et al., 2008).  
Despite farmworker training about the use of pesticide protective equipment 
(PPE), one facet of pesticide protective behavior, they often do not utilize it. As recently 
as 2012, more than one fourth of 187 Hispanic farmworkers in a study conducted across 
four agricultural counties in North Carolina did not report using PPE. Use of PPE was 
defined by the study team as wearing gloves (not mandated by the EPA), wearing socks, 
and wearing a hat or cap while performing fieldwork (also not mandated by the EPA). 
More than one fourth of the farmworkers (27%, n = 50) reported that they had not used 
PPE while working in the fields within the previous month. Approximately three fourths 
of the farmworkers (77%, n = 144) reported that they wore gloves; one third of the 
farmworkers did not wear a hat/cap or socks (30.5%, n = 57 and 33.7%, n = 63, 
respectively; Levesque, Arif, & Shen, 2012). Those who reported wearing gloves were 
more likely to report use of other PPE as well. All of the farmworkers in the sample 
reported that they received training about how to prevent or reduce pesticide exposure in 
the workplace. The majority of farmworkers (90.1%, n = 169) reported that they received 




PPE was higher among farmworkers who received pesticide safety training at those 
locations (Levesque et al., 2012).  
 
The Worker Protection Standard and Training Requirements 
 
The U.S. government has taken some steps to protect all farmworkers from some 
of the dangers of agricultural work, including pesticide exposure. In brief, the U.S. EPA 
Worker Protection Standard requires that employers provide adequate training to their 
employees regarding the risks of pesticide exposure and proper pesticide use (U.S. EPA, 
1992); the training is intended to protect 2.5 million workers in the country. The standard 
was developed in 1992 and was in place January 1, 1995 (Arcury, Quandt, Austin, 
Preisser, & Cabrera, 1999).  
Under the WPS, workers must be trained before they accumulate more than 5 
days of work in a treated area. This training must be repeated every 5 years, although the 
proposed rule under deliberation would mandate this training annually. There are 
additional training requirements for those who work in closed places, engage in early re-
entry, or who mix and apply pesticides. Trainers must meet criteria established by the 
EPA and the state in which they conduct the training (all certified applicators can train 
workers; Larson, 2000). Training can be provided orally or through audio/visual means 
and trainers can use written or audio/visual material. It must be in a language understood 
by the farmworker, must use nontechnical terms, and must allow workers to ask 
questions (Larson, 2000; U.S. EPA, 1992).  
In interviews conducted with employers in 2000 about the WPS, the employers 




useful when the employer and worker speak different languages and alleviates liability 
concerns as approved videotapes present EPA specified information” (Larson, 2000, 
p.32). Several videos exist; one video in particular, produced by Michigan State 
University Extension under an EPA grant, is entitled “Pesticide Handlers and the Worker 
Protection Standard” (Michigan State University Extension, 1994); it is 50 minutes in 
length and available in Spanish. While it is designed for pesticide handlers, it covers 16 
different elements of pesticide safety training and is often used for worker training as 
well. The regulation does not require that training be documented though an EPA-
approved WPS worker training card, and guaranteeing comprehension of the information 
by workers is not required within the regulation (Larson, 2000). The most diligent 
growers likely already train their workers annually, and training in North Carolina is 
usually provided by growers using a video (Arcury et al., 1999; Personal communication 
from C. E. LePrevost, January 2, 2014).  
The EPA developed a proposal under the Federal Insecticide, Fungicide and 
Rodenticide Act (FIFRA) (U.S. EPA, 2012) to revise the federal regulations that direct 
agricultural worker protection (commonly refered to as The Agricultural WPS). The 
changes under consideration are intended to improve agricultural workers’ ability to 
protect themselves and their families from potential exposure to pesticides and pesticide 
residues. This proposal was the response to EPA discussions with key stakeholders 
beginning in 1996. Since that time, the EPA has held numerous public meetings 
throughout the country (the last of which closed in August of 2014) in which the public 
submitted written and verbal comments on issues and concerns with the existing 




2015). In light of the proposed changes and the fact that training may become both more 
comprehensive and more frequent, collecting data on observed PPBs, benefits of PPBs, 
barriers to PPBs, facilitators of PPBs, and strategies to mitigate barriers to PPBs 
suggested by both farmworkers and growers is timely.  
Materials are available from the EPA that may be used in WPS-mandated training 
(Arcury et al., 1999); one brochure, “Protect Yourself from Pesticides,” was prepared to 
be given to workers to fulfill training needs (Larson, 2000). It is considered a part of the 
training “gold standard” for workers in North Carolina. This brochure reviews 11 basic 
pesticide health and safety points and is often used to guide a verbal presentation. The 
PPBs covered include wearing long pants, long-sleeved shirts, shoes, and socks; washing 
hands and face before eating, drinking, smoking, chewing gum, or chewing tobacco; 
washing hands before using the toilet; staying out of areas where pesticides are applied; 
staying out of restricted areas; staying out of areas the boss tells one not to enter; never 
taking pesticides or pesticide containers home; keeping children away from pesticides; 
washing one’s whole body (including hair) after work; and keeping dirty work clothes 
(including cotton gloves) from nonwork clothes and family clothing.  
Farmworkers report receiving this recommended training inconsistently (Arcury 
et al., 1999). One study that examined pesticide safety training for Latino migrant and 
seasonal farmworkers in North Carolina revealed that only 35.2% of the 270 participating 
farmworkers reported ever receiving pesticide safety training. Furthermore, less than half 
of the workers recalled that WPS standards were mentioned in the training they received, 
and 52.6% of those farmworkers reported that they did nothing to protect themselves 




evaluated pesticide safety training, it was limited in that it used self-report of PPBs, did 
not delineate which behaviors were practiced, and was the practice of 16 years ago.  
No observational study has yet been published describing which PPBs 
farmworkers adhere to, nor what they perceive as the facilitators of or barriers to those 
particular behaviors or their strategies to counter those barriers. Despite the 
understanding that PPBs minimize adverse health outcomes, including cancer risk, and 
despite standards to promote PPBs and an agency to enforce them, based on self-reports, 
PPBs are often not practiced by Latino migrant and seasonal farmworkers (Arcury et al., 
1999). Observational studies on this issue have not been conducted and could add an 
important perspective in redesigning policies and standards to have greater impact in 
minimizing pesticide risk. 
 
Latino Migrant and Seasonal Farmworkers in North Carolina 
 
Pesticide exposures for Latino migrant and seasonal farmworkers in North 
Carolina are a certainty (Quandt, 2010). In a frequently cited study by Arcury et al. 
(2009), 287 farmworkers from 44 farmworker camps in 11 counties in North Carolina 
were enrolled in a longitudinal study to detect urinary metabolites of organophosphate 
pesticides. Almost all participants had at least one metabolite in every urine sample and 
the frequency of detection and concentrations increased over the season (Arcury et al., 
2009). These findings quantified earlier studies that detected the presence of OP 
metabolites in the urine of Latino migrant and seasonal farmworkers (Rao, Arcury, 
Quandt, & Doran, 2004). They also supported some of the earliest work in North 




essential for the normal functioning of the nervous system in humans, and is inhibited by 
extreme exposure to pesticides) significantly lower than those of nonfarmworkers 
(Ciesielski, Loomis, Mims, & Auer, 1994). 
In one of the most frequently cited studies of Latino migrant and seasonal 
farmworkers in North Carolina to date, about 75% to 80% of the farmworkers who 
participated indicated that they had received pesticide safety training; however, one third 
of those who had received the training stated that they did not understand the information 
that was presented to them (Arcury et al., 2009). These results are consistent with other 
studies completed in North Carolina in which one quarter to one half of farmworkers had 
not received any pesticide safety training (Arcury, Quandt, Cravey, Elmore, & Russell, 
2001; Whalley et al., 2009). In one study (Arcury et al., 1999), the vast majority of 
workers who had received training (nearly 85%) said that their training entailed watching 
a 1-hour video in Spanish; most (75%) said that there was also a verbal presentation with 
the video, but fewer than half said they were able to ask questions.  
In addition to documented pesticide safety training concerns, Latino migrant and 
seasonal farmworkers in North Carolina cannot rely on enforcement of the WPS; in fact, 
discrepancies in compliance with the WPS exist across the United States (Shipp, 2005). 
Few inspectors exist for a large number of farms. For example, in North Carolina, 
according to Arcury et al. (1999), 24 supervisors and inspectors employed by the 
Pesticide Branch of the North Carolina Department of Agriculture were responsible for 
monitoring thousands of farms for compliance with state and federal regulations on 
pesticide storage, emergency plans, licensing, record keeping, and protective behaviors 




the WPS is enforced is unknown and is limited by the number of supervisors and 




As a brief overview of how tobacco is grown, tobacco seeds are sown in specially 
constructed seedbeds while the field soil is prepared. After 2 months in seedbeds, the 
small plants (15–20 cm) are transplanted into the field and grow for 2 to 3 months. The 
soil is cared for and the plants are protected from insects and diseases as needed. Tobacco 
is considered a chemical-intensive crop because it requires multiple applications of 
pesticides and growth-control agents (Rodgman & Perfetti, 2013; Toxic Free NC, 2005). 
The tobacco plant is then “topped,” which means the flowers are removed by hand or 
machine so as not to take nourishment away from the leaves (Lunk, 2009). Harvesting 
takes place (usually leaf by leaf) once the leaves are mature, starting from the bottom and 
moving to the top, often requiring multiple cuts before the plant is completely harvested. 
Next, the leaves are cured (flue-cured tobacco is most commonly grown in North 
Carolina), sorted, and packed (Philip Morris International, 2013).  
Pesticides can be applied to the field (depending on the type and the indication) 
before tobacco plants are transplanted, to the plants themselves as they are growing in 
seedbeds, once they are planted but before weeds emerge or other pests are seen, after 
weeds emerge or other pests are seen, after the last time the tobacco is fertilized but 
before cropping (called “lay by”), up to 60 days before replanting, and even in the off 
season (BASF Corporation, 2008). How the pesticide is applied also varies by type and 




are used when the chemical is mixed with a liquid fertilizer; sometimes the chemical can 
be impregnated in dry bulk fertilizer as well (BASF Corporation, 2008). It is worth noting 
that sometimes combinations of pesticides are used to increase effectiveness.  
Each pesticide controls certain insects, weeds, or plant diseases, and growers 
choose which to apply based on scouting what they know to be the problems common to 
their land. Growers may apply the pesticides themselves or have a trained pesticide 
applicator in their employ. Farmworkers who are not trained to apply pesticides cannot 
legally apply them unless they are operating under a pesticide applicator’s license.  
As previously mentioned, carbaryl and pendimethalin are the most commonly 
known potential human carcinogens used in tobacco production. Carbaryl is used to kill 
budworms, fall armyworm, tobacco flea beetles, hornworms, Japanese beetles, June 
beetles, and suckfly. It can be applied up to four times per year but not more often than 
every 7 days, not within 2 days of harvest, and must have a restricted-entry interval (REI) 
of 48 hours for farmworkers (Novasource, 2013). Pendimethalin is used to control weeds. 
Some of the most common weeds in tobacco fields are annual grasses such as crabgrass 
and broadleaf signalgrass. Pendimethalin is recommended to be applied preplanting with 
a ground sprayer or following the last normal fertilization (lay by). The REI for 
farmworkers is 24 hours postapplication (BASF Corporation, 2008); some workers will 
be exempt from these REI based on their training and role, and they are called early re-
entry workers.  
While growers or pesticide applicators apply the chemicals, the risk to 
farmworkers, pesticide applicators, and growers comes in one of three ways. They 




and other hand-to-mouth behaviors (ingestion); and exposure through breathing vapors 
and dusts (inhalation). Farmworkers come in contact with pesticide residues during 
regular crop maintenance and harvesting, as well as through drift from nearby fields or 
the unintentional treatment of the area in which they are working (Mobed, Gold, & 
Schenker, 1992).  
Growers are encouraged to practice integrated pest management, which is an 
environmentally sensitive approach that uses current, comprehensive information on the 
life cycle of pests and their interaction with the environment. It is economical, with the 
least-possible hazard to people, property, and the environment, and includes the judicious 
use of the pesticides (U.S. EPA, 2012). Growers are also encouraged to minimize their 
use of pesticides, to rotate crops, to destroy stalks and roots of tobacco early, and to obey 
the thresholds for certain chemicals. Growers are taught that proper handling of 
pesticides (including the use of PPE) minimizes the risk of acute and chronic effects of 
pesticides (North Carolina Cooperative Extension Service, 2014).  
 
Reported Pesticide Protective Behaviors 
 
Several studies have shown that PPBs are effective in decreasing pesticide 
exposures. A federal mandate to train farmworkers exists, and yet Latino migrant and 
seasonal farmworkers still have significant training and adherence challenges, report 
receiving training inconsistently, and have high levels of pesticide exposure. In Baytown, 
Texas, 26 Mexican American migrant farmworkers were surveyed about their exposures 
utilizing one of the few standardized instruments, the Migrant Farmworker Questionnaire 




blood was also collected. In that study, work clothes, protective attire (hats, bandanas, 
and gloves), personal hygiene, length of employment, number of duties, and self-reported 
pesticide exposures were significant predictors of exposure to organochlorine pesticides 
(OCPs). Interestingly, in the panel of 21 OCP metabolites collected, three pesticides were 
detected that had been banned in the United States for many years, and the detected levels 
were much higher than the standard given by the referent laboratory, suggesting that 
these pesticides were still in use.  
In a 1998 study that included 270 Hispanic farmworkers recruited in an eight-
county area of North Carolina, when asked if they “used any method to protect against 
pesticide exposure,” most participants (52.6%) stated that they never used any method 
(Arcury et al., 1999); only 22.3% stated that they always tried to protect themselves from 
exposure.  
Reuse of work clothes before washing, washing work with nonwork clothes, and 
wearing work clothes and shoes home from the field and not changing immediately upon 
entering the home were reported by many in a self-report study conducted with 50 
Mexican migrant and seasonal farmworkers in Salinas Valley, California (Cabrera & 
Leckie, 2009). The WPS recommends avoidance of those behaviors, and study findings 
suggest that pesticide safety education needs to reinforce the take-home pathway of 
exposure (Rao, 2006). The study by Cabrera and Leckie (2009) raises the interesting 
concept of inevitability and calls barriers to mind. If pesticide exposure is perceived as 
inevitable, why modify one’s behaviors? Likewise, the perception of variability of 
susceptibility arises here; if one is fit and strong, why take precautions? (Salazar, 




Barriers to Pesticide Protective Behaviors 
 
Epidemiologic studies conducted to date have not provided a clear picture of the 
exact reasons that farmworkers do or do not use self-protective behavior practices 
(Levesque et al., 2012). Some researchers have reported that barriers to the use of PPBs 
center on training, including the language in which training is given (Austin et al., 2001; 
Cabrera & Leckie, 2009) and nonuniform methods of pesticide training (Cabrera & 
Leckie, 2009). In one study, receiving information about pesticide safety was found to 
increase perceived control over exposures for Latino migrant and seasonal farmworkers 
in North Carolina (Arcury, Quandt, & Russell, 2002).  
Farmworkers perceive many preventive measures to be outside their control; for 
pesticide safety training to be effective, it must address perceived control (Arcury et al., 
2002). Austin et al. (2001) administered a survey to 275 farmworkers (265 from Mexico) 
and conducted in-depth interviews with 27 farmworkers and 7 farmers to examine 
perceptions of control among farmworkers in North Carolina; they also conducted focus 
groups in which a total of 44 farmworkers participated. For the purposes of their study, 
control was defined as the perceived ability to avoid the harmful effects of pesticide 
exposure. Farmworkers believed they had control when they believed they could protect 
themselves from the hazards in their work environment. Of the 269 farmworkers who 
responded to the question about control over avoiding harmful health effects of 
pesticides, 175 (65%) believed they had little or no control. Those who reported a great 
deal of control were more likely to report ways to protect themselves from exposure (p = 
0.001) and were more likely to always use protective methods against exposure (p = 




qualitative data revealed four themes impacting perception of control: (a) difficulty 
communicating with employer (this included comments about language barriers, hostile 
employers, and fear of being easily replaced); (b) inability to use protective equipment 
(unavailability or impracticality of what they were trained to use); (c) time pressure on 
the job (working too slowly may get the worker fired); and (d) the perception that farmers 
do not care about the health of their employees (Austin et al., 2001).  
Concerns about personal vulnerability to pesticides have been found to be related 
to knowledge and beliefs about occupational illness (Salazar et al., 2004), which could be 
modified by increasing knowledge about occupational illness. In a very early study by 
Vaughan (1993a), the risk perceptions and self-protective behavior of 282 immigrant 
farmworkers in California (all of Mexican origin) in response to pesticide exposure were 
examined. Self-protective behavior was predicted as being most likely for those receiving 
risk information, those having greater perceptions of control over health and their 
occupational situation, and those believing that precautionary methods are effective. In a 
study conducted 15 years later, however, which examined perceptions of risk from 
pesticide exposure as well as pesticide-related protective behaviors, female respondents 
tended to have elevated perceptions of pesticide risk and to participate in more self-
protective behaviors despite receiving less mandated training (Cabrera & Leckie, 2009). 
Interestingly, researchers from one study that included Hispanic and non-Hispanic 
White farmworkers reported that non-Hispanic White workers were less likely than 
Hispanics to report significant concern about being exposed to pesticides, to see 
pesticides as harmful, to perceive organizational barriers to protecting themselves, or to 




migrant and seasonal farmworkers are largely minority workers who have little control 
over their occupational safety, including pesticide exposure (Arcury, 2009).  
Other studies have been focused more on personal factors such as the value of 
time and comfort, which are significant, as time can mean money and discomfort can be a 
symptom of heat distress. In one recent study of 187 Latino migrant and seasonal 
farmworkers in North Carolina, approximately one fourth of the farmworkers (23.5%, n = 
44) reported that use of PPE slowed down work (Cabrera & Leckie, 2009), and 
approximately three fourths of the farmworkers (71.6%, n = 134) did not always wear 
PPE because it was uncomfortable (Levesque et al., 2012). In another study in North 
Carolina in which in-depth interviews were conducted with 20 Latino Christmas tree 
farmworkers (Elmore & Arcury, 2001), although many workers knew basic steps to avoid 
pesticide exposure, they did not always use them. Workers who did not follow safety 
practices mentioned needing to work more quickly, more comfortably, or expressed an 
underestimated exposure risk.  
Some workers said PPE was not provided by their employer (Elmore & Arcury, 
2001). Lack of availability of supplies needed to carry out recommended behaviors has 
been cited as a barrier. Researchers in an early (1992) study of 242 farmworkers in North 
Carolina reported that farmworkers’ motivation to engage in protective behaviors 
corresponds to the availability of the supplies needed to conduct the behavior (Ciesielski 
et al., 1994). They found that exactly the number of subjects who reported hand washing 
before eating reported the availability of hand-washing water; 58% of the participants 
reported that hand-washing water was not available.  




(89.8%, n = 168) reported that if their boss provided gloves and other PPE, they would 
use them to protect themselves against the harmful effects of pesticides; however, more 
than one fourth of the farmworkers (26.2%, n = 49) reported that they believed their boss 
might fire them if they asked for PPE to avoid coming into contact with pesticides. One 
third to more than one half of the farmworkers interviewed in North Carolina in 2 
successive years indicated that they did not regularly have separate water for washing and 
drinking, or separate cups available for drinking water (1 year only); that there were no 
field toilets; and that they did not have adequate laundry facilities (Arcury et al., 2001).  
An even later study that examined the 2007 agricultural season in North Carolina 
(Whalley et al., 2009) found that water for washing was still not available for about one 
third of the workers; soap and towels were not available for more than half. In the study, 
about 20% of the farmworkers lived in camps with more than eight workers per 
showerhead and about 20% lived in camps that failed to meet the standard of 30 or fewer 
workers per washtub/washing machine. Farmworkers with an H2A visa which is a 
temporary work permit to work in agriculture (U.S. Citizenship and Immigration 
Services, 2015) and more years of experience were more likely to experience better 
sanitation conditions and practice more safety behaviors (Whalley et al., 2009). 
Unavailability of PPE or supplies needed to carry out PPBs have been reported in several 
studies (Austin et al., 2001; Strong et al., 2008). Farmworkers believe that their pesticide 
exposures are largely controlled by growers (Austin et al., 2001). None of the studies 
conducted to date asked specifically about the behaviors mandated to be taught per the 
Worker Protection Standard, so the PPE inquired about was selected based only on the 






Several pesticides are known carcinogens. Studies have documented the excessive 
exposure of Latino migrant and seasonal farmworkers to pesticides as a result of their 
occupation (Arcury et al., 2009; Ciesielski et al., 1994; Quandt, 2010; Rao et al., 2004). 
Latino migrant and seasonal farmworkers have several characteristics that lead them to be 
considered a special-risk population. A few studies to date have utilized self-report 
methods of obtaining PPBs from Latino migrant and seasonal farmworkers in North 
Carolina and have found that even when trained, workers do not report practicing all of 
the protective behaviors that they learned (Arcury et al., 1999; Cabrera & Leckie, 2009). 
These self-report methods have been positively correlated with biological markers of 
exposure and have helped to reveal that subgroups within Latino migrant and seasonal 
farmworkers vary in levels of exposures. Some studies have examined what barriers exist 
to the farmworkers using PPE (but none directly to those mandated by the WPS). Reports 
range from barriers as basic as the PPE being uncomfortable or time consuming, to 
reasons as complex as feeling a power imbalance with the employer.  
Of all of the literature reviewed, not one researcher or research team reported 
using an observational method to ascertain which PPBs were and were not practiced by 
Latino migrant and seasonal farmworkers, as recommended by the WPS. It is also not 
clear the extent to which a perceived threat of illness, and cancer in particular, impacts a 
farmworker’s PPBs. This leaves gaps in our understanding of both the adherence of the 
farmworkers to the PPBs recommended by the WPS and what could motivate them 
toward PPB changes. Observational data can validate what was previously only self-




behavior for this population. Once the PPBs practiced by these Latino farmworkers are 
known, benefits of, facilitators of, and barriers to those behaviors can be explored with a 
focus on strategies to increase adherence to WPS recommended PPBs. The literature 
demonstrates that growers are central to whether or not PPBs are practiced by 
farmworkers; therefore, they must participate in conversations about benefits, facilitators, 
barriers, and strategies to counter barriers to PPB use. Perceived benefits, barriers, 
facilitators, and strategies must be understood to shape meaningful health policy and 
protection standards, enact educational requirements that are effective, and test 
interventions that decrease pesticide exposure.  
 
Purpose and Specific Aims 
 
The purpose of this research was to (a) describe observed and self-reported 
pesticide protective behaviors (PPBs) used by Latino migrant and seasonal farmworkers 
compared with the behaviors recommended in the EPA’s Worker Protection Standard; 
(b) determine if and how Latino migrant and seasonal farmworkers perceive exposure to 
pesticides as a threat to health (and threat of cancer in particular) and how it relates to 
their PPBs; and (c) understand what both farmworkers and growers perceive as benefits 
of, facilitators of, and barriers to PPBs, as well as strategies they recommend to counter 
those barriers. The study was guided by five aims and a series of research questions:  
Aim #1: Compare and contrast observed and self-reported adherence of Latino 
migrant and seasonal farmworkers to pesticide protective behaviors 
recommended in the EPA’s Worker Protection Standard.  
 
RQ 1: To what extent are Latino migrant and seasonal farmworkers 
observed utilizing pesticide protective behaviors recommended in 





RQ 2: To what extent do Latino migrant and seasonal farmworkers report 
utilizing pesticide protective behaviors recommended in the EPA’s 
Worker Protection Standard? 
 
RQ 3: What are the differences between observed and self-reported 
pesticide protective behaviors for Latino migrant and seasonal 
farmworkers?  
 
Aim #2: Describe if and to what extent Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a threat to illness and the relationship 
between illness threat perception and pesticide protective behaviors. 
 
RQ4: To what extent do Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a threat to illness? 
 
RQ5: To what extent does use of pesticide protective behaviors of 
farmworkers vary based on their level of perceived threat of illness 
from pesticide exposure? 
 
Aim #3: Describe if and to what extent Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a cancer threat and the relationship 
between cancer threat perception and pesticide protective behaviors. 
 
RQ6: To what extent do Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a cancer threat? 
 
RQ7: To what extent does use of pesticide protective behaviors of 
farmworkers vary based on their level of perceived threat of cancer 
from pesticide exposure? 
 
Aim #4: Identify Latino migrant and seasonal farmworkers’ perceived benefits of, 
facilitators of, barriers to, and strategies to counter barriers to pesticide 
protective behaviors recommended in the EPA’s Worker Protection 
Standard. 
 
RQ8: What benefits of, facilitators of, barriers to, and strategies to counter 
barriers do Latino migrant and seasonal farmworkers identify as 
impacting the pesticide protective behaviors they practice? 
 
Aim #5: Identify growers’ perceived benefits of, facilitators of, barriers to, and 
strategies to counter barriers to pesticide protective behaviors 
recommended in the EPA’s Worker Protection Standard.  
 
RQ9: What benefits of, facilitators of, barriers to, and strategies to counter 




behaviors of farmworkers and themselves?  
 
This study was the first that we could identify to compare observed and self-
reported PPBs among Latino farmworkers and the first to investigate and assess all 
specific behaviors related to WPS-mandated training for this population. Studies have 
shown that fewer than half of Latino migrant and seasonal farmworkers surveyed report 
utilizing any protective behaviors, but a strategic exploration of which behaviors are 
actually adopted and which are not had not previously been undertaken. This work 
compared what was reported to what was observed in the field to address the limitations 
of self-report of behavior alone. An understanding of current practices will inform 
development of behavior-change interventions and provide direction about and for 
needed revisions to existing federal standards.  
Additionally, the study assessed the perceived threat of illness as a result of 
pesticide exposure for Latino migrant and seasonal farmworkers; it also assessed the 
perceived threat of cancer from pesticide exposure, specifically, among this population. A 
relationship between perceptions of threat of illness from pesticides and observed PPBs 
was sought, as was a relationship between perceptions of threat of cancer from pesticide 
exposure and observed PPBs.  
Targeted interview questions were utilized to gain knowledge about the perceived 
benefits of, facilitators of, and barriers to adopting particular PPBs among both growers 
and Latino migrant and seasonal farmworkers in North Carolina, and suggestions were 
sought from both groups for countering those barriers. Understanding perceived barriers 
is central to future behavior-change interventions and to advocating for revisions to the 




current utilization of and adherence to WPS standards; to understand if perceptions of the 
threat of illness and cancer relate to behaviors; and to understand benefits of, facilitators 
of, and barriers to PPBs to inform actionable changes that will better protect the health of 




Components of the Health Belief Model (HBM) guided this research (Rosenstoch, 
1974). The HBM was developed in the 1950s by social psychologists employed by the 
U.S. Public Health Service to explain why people do not participate in programs to 
prevent disease (Rosenstoch, 1974). At its core, the HBM focuses on adherence and 
preventive health practices. Within the Model, behavior is viewed as a function of a 
person’s value of an outcome and his/her expectation that a certain behavior will impact 
that outcome. 
The Model (see Figure 1.1) posits that understanding how susceptible a person 
thinks they are to a disease and how serious/severe they think a disease is predicts how 
threatening they find the disease, which in turn predicts their likelihood of taking a 
recommended preventive health action. Modifying factors that influence one’s perceived 
threat of a disease include demographic, sociopsychological, and structural variables as 
well as cues to action. Modifying factors can also influence what one perceives as a  
facilitator of or barrier to the preventive health action. It is the combination of the 
perceived threat of disease with the perceived benefits of the preventive action, minus the 
perceived barriers to preventive action that predict the likelihood of someone taking the  
















Figure 1.1 Health Belief Model 
From “Evaluating the Health Belief Model: A Critical Review of Studies Predicting Mammographic and 
Pap Screening,” by E. E. Tanner-Smith and T. N. Brown, 2010, Social Theory and Health, 9, p. 97 
Copyright [2010] by Macmillan Publishers Ltd. Reprinted with permission. 
Note. SES = socioeconomic status. 
 
In the research model that guided this study (see Figure 1.2), Aim 1 was focused 
on the practice of the recommended preventive health action (PPB) for farmworkers. In 
this case, actual observation and self-report of using PPB was measured in lieu of 
likelihood of using PPB. Aim 2 was to describe the perception of the threat of illness as a 
result of pesticide exposure. Aim 3 was to describe the perception of the threat of cancer 
as a result of pesticide exposure. Aims 4 and 5 were to clarify the perceived facilitators 
of, barriers to, and strategies to combat barriers to PPBs from both farmworkers and  
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Figure 1.2 Study Research Model 
Note. SES = socioeconomic status. 
 
Because no instruments existed to measure perception of threat of illness as a 
result of pesticide exposure, nor perception of threat of cancer as a result of pesticide 
exposure, the HBM was informative in creating items to measure those variables. Three 
items measuring perceived susceptibility and severity of illness as a long-term effect of 
pesticide exposure examined individual perceptions per the HBM. Two items measuring 
knowledge about health effects of pesticides and illness among family and friends as a 
result of pesticide exposure examined modifying factors per the HBM. One item  
measuring perceived efficacy of PPB in minimizing illness threat examined perceptions 
of behavior per the HBM. Three items measuring perceived susceptibility and severity of 
cancer as a long term effect of pesticide exposure examined individual perceptions per 
the HBM. Two items measuring knowledge about cancer risk and cancer among family 
and friends as a result of pesticide exposure examined modifying factors per the HBM. 
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This was a descriptive study of observed and self-reported pesticide protective 
behaviors (PPBs) of Latino migrant and seasonal farmworkers. The behaviors are those 
recommended in the Worker Protection Standard (WPS) published by the Environmental 
Protection Agency (EPA) (U.S. EPA, 1992). This study was the first to utilize both an 
observational checklist (Appendix A) and a verbally administered self-report of behavior 
questionnaire to assess PPBs (Appendix B) of Latino migrant and seasonal tobacco 
farmworkers in the summer of 2014 in Johnston County, North Carolina. The validation 
of self-report data by observation helped to overcome limitations of previous studies that 
relied solely on self-report of behaviors.  
The study also revealed the extent to which farmworkers perceived exposure to 
pesticides as a threat of illness (Illness Threat Questionnaire; Appendix C), and threat of 
cancer in particular, by utilizing verbally administered questions (Cancer Threat 
Questionnaire; Appendix D). The relationship between perceived threat of 
illness/perceived threat of cancer from pesticide exposure and farmworker observed and 
self-reported PPBs was examined. Targeted interview questions posed to both 
farmworkers and growers identified facilitators of, barriers to, and strategies to counter 
barriers to PPBs (Appendices E and F). A multimethod approach was used to provide the 










Tobacco farms in Johnston County, North Carolina were the setting for the study. 
They were chosen based on feasibility and convenience. Nineteen percent of the state’s 
income is derived from and more than 20% of the workforce works in agriculture. In 
2007, the Census of Agriculture reported approximately 77,400 hired farmworkers in 
North Carolina (United States Department of Agriculture, 2007). It was estimated that the 
state had 83,516 migrant and seasonal farmworkers employed at the peak of season in 
2013 (North Carolina Department of Commerce, 2013). Johnston County is one of the 
counties with greatest farmworker density (North Carolina Farmworker Institute, 2012a), 
and one of the top three producers of tobacco. It was estimated to have 2,349 migrant and 
seasonal farmworkers at the peak of season in 2013 (NC DHHS, 2013).  
These farms provided a good setting for observing and inquiring of Latino 
migrant and seasonal farmworkers in particular. North Carolina experienced a 111% 
increase in its Latino population from 2000 to 2010, and ranks 6th in the nation for 
Latino population growth (United States Census Bureau, 2011). 
Tobacco is a representative crop for the state. North Carolina ranks first nationally 
in the production of flue-cured tobacco (North Carolina Farm Bureau, 2011). The United 
States produces 439 million pounds of tobacco, and an estimated 340 million pounds are 
grown in North Carolina. It is also estimated that the number of people employed by the 
tobacco industry in the state of totals more than 255,000 (Brown, 2013); approximately 
32,000 of those working in the industry are farmworkers. Tobacco yields an estimated 
revenue of $746 million for the state of North Carolina (North Carolina Farmworker 








Eligibility of Growers 
 
The tobacco growers in Johnston County, North Carolina were recruited based on 
convenience and access. They had all participated in a previous safety intervention called 
the Certified Safe Farm (CSF), which was a multifaceted agricultural intervention 
program designed to reduce the rate of injuries and illnesses in the agricultural population 
(East Carolina University, 2012). A pilot study took place from 2009 to 2012 in three 
North Carolina counties (Johnston, Sampson, and Duplin). The program has been 
extended through a North Carolina Tobacco Trust Fund Commission Grant to cover 18 
additional counties (Leith, 2013).  
The four components of the CSF intervention included occupational health 
screening, an on-farm safety review with performance standards, personalized and group 
education, and incentives such as insurance or agribusiness discounts. The CSF 
intervention focused at the level of the grower and did not address the PPBs of 
farmworkers. Of 120 farms included in the CSF intervention in North Carolina, 60 farms 
participated in a follow-up survey, demonstrating their willingness to complete all parts 
of the study. There were 7 tobacco growers in Johnston County who had farms that 
participated through the final follow-up survey, and it was those farms—the growers and 
the farmworkers working with them in the summer of 2014—that were approached for 
recruitment into this study. Each one of the growers employed at least five farmworkers 




The investigators involved in the CSF intervention facilitated introduction to the 
growers. All 7 were invited to participate, with a goal of being able to reach 
approximately 120 farmworkers, and expecting a refusal rate of at least 20% of both 
growers and farmworkers. By recruiting the growers of several farms, some variability in 
farm practices could be captured. Of the 7 growers approached, 3 consented to participate 
(43%). On those three farms, a total of 72 farmworkers were approached to participate in 
the study and all agreed (100%). In the 2007 Agricultural Census, Johnston County 
reported 325 farms with hired labor and 2,136 workers (United States Department of 
Agriculture, 2007). In 2013 it was estimated that there were 2,349 migrant and seasonal 
farmworkers in Johnston County (NC DHHS, 2013); the study sample of 72 hired 
workers at three farms represented 3.4% of the migrant and seasonal farmworkers and 
1% of the farms in the county.  
 
Recruitment and Consent of Growers 
 
Recruitment of growers was initiated by establishing relationships with extension 
agents and community members, with introductions initially made by a committee 
member involved in the CSF intervention. Informal meetings began in the spring of 2013. 
The primary investigator spent time in the community, volunteering as a nurse to screen 
tobacco growers for glucose and blood pressure at the annual Tobacco Day meeting, 
attending the Good Agricultural Practices (GAP) meetings in Johnston County, and 
serving as a nurse for a migrant mobile clinic in Johnston County when possible.  
Growers’ participation included initial introduction and consent (see Appendix 




farmworker data collection was complete, participation in a 30-minute interview 
themselves. The incentive for grower participation was a $100 gift certificate to the 
Tractor Supply Company, a local agricultural supply store; this incentive was arrived at 
with the assistance of the county extension agent and a committee member. The incentive 
was provided to the grower after all data had been collected on his farm.  
 
Human Subjects Considerations 
 
Grower participants were informed about the study, their role, and the risks and 
benefits of participation. The study was broadly described as observation and self-report 
of behaviors while working in the field, without specification of pesticide protective 
behaviors. The growers feared being reported for not meeting WPS standards; they were 
assured that the primary investigator and members of the study team would not report 
violations of the WPS but would review any unmet standards at the end of the study to 
help the grower comply with the requirements. The farms were identified within the 
study only by farm number. In addition to a financial incentive (gift card), the growers 
had the opportunity to provide data that may inform actionable recommendations for the 
WPS under review. Growers were given the option to withdraw from the study without 
penalty, were informed about their responsibilities as study participants, and were given 
investigator contact information and a one page handout about the study in English. They 









Eligibility of Farmworkers 
 
Reported difficulties in recruiting farmworkers into research—including being 
difficult to find and living in small groups scattered over large areas (Grzywacz et al., 
2006)—were minimized by approaching those who were working for enrolled tobacco 
growers in Johnston County, North Carolina in the summer of 2014 at their worksite. 
Prior field research suggested that these workers would be predominantly male, Latino 
(with most originating from Mexico), would have limited English language proficiency, 
would migrate for work, and would vary in years spent in agricultural work in the United 
States. Considerable research has been conducted with Latino migrant and seasonal 
farmworkers in the state of North Carolina on issues ranging from risky sexual behavior 
to green tobacco sickness. In a review of five studies that focused on pesticide exposures 
and that utilized either qualitative or quantitative methods, it was found that the sample 
sizes ranged from 26 to 287 (Arcury et al., 2009; Cabrera & Leckie, 2009; Hernandez-
Valero et al., 2001; Levesque et al., 2012; Salvatore et al., 2008); this suggested that 
recruiting 100 Latino migrant and seasonal farmworkers was feasible.  
In addition to working for a grower who had both previously participated in the 
CSF intervention and consented to participate in this study, criteria for farmworker 
participation included (a) being age 18 or older, (b) having the ability to speak Spanish or 
English, and (c) self-identification as being of Hispanic/Latino ethnicity. Those under age 
18 were excluded, because obtaining consent from a parent/guardian was challenging in 
the work setting and because those under 18 have been found to have different risk 
perceptions and health beliefs associated with pesticide exposure (Salazar et al., 2004). 




(Minority Rights Group International, n.d.), were also excluded. While many Latino 
farmworkers throughout the United States speak an indigenous Mexican language 
(Farquhar et al., 2008), the study staff were prepared to administer the questionnaire only 
in Spanish or English. Non-Latino farmworkers were not included in data analysis in this 
study.  
 
Recruitment and Consent of Farmworkers 
 
Farmworker participants were approached as a group and informed about the 
study on the morning of data collection, while they were preparing to begin their 
workday. The primary investigator explained the study in Spanish. The presence of the 
grower at the time of recruitment depended on the size of the respective farm. After the 
study presentation, which included purpose, eligibility, procedures, length, risks, 
safeguards, and benefits, the primary investigator invited questions and then asked for 
verbal consent (see Appendix H) from those choosing to participate. The first 8 
farmworkers to report interest were enrolled on that day; the rest of the workers were told 
that the primary investigator would continue to return at least once weekly until all who 
had expressed interest had participated. The growers verified that they had no employees 
under 18 years of age, so the question about age was not asked until the demographic 
questions were asked. Self-identified ethnicity was not requested at the time of 
participation; rather, those who did not identify as Hispanic/Latino would have been 
excluded from the analysis. All of the farmworkers reported Hispanic/Latino ethnicity 






Human Subjects Considerations 
 
The primary investigator explained that she was a graduate student in nursing 
interested in farmworker behavior while working in the field, and that she wanted to 
observe them doing what they normally did for the entirety of their workday; she also 
wanted to ask them some questions about their work on a weekend evening that followed 
that workday (Appendix B: Self-Report of Behavior Questionnaire; Appendix D: Cancer 
Threat Questionnaire; Appendix I: Targeted Interview Questions; Appendix J: 
Demographic Questionnaire). They were made aware that interviews would be audio 
recorded, although no identifying information would be collected. Audio recording of 
interviews was done with Latino migrant and seasonal farmworkers in prior studies with 
good results (LePrevost, Storm, Blanchard, Asuaje, & Cope, 2012).  
Each interview was predicted to take approximately 30 to 40 minutes. Prior field 
work demonstrated that farmworkers are willing to participate in studies outside of their 
workday. The majority of interviews were conducted at the labor camp, enabling those 
not being interviewed to avoid losing time off. To mitigate worker fear of disapproval by 
the grower, the researcher told that the workers that she would not disclose who agreed to 
participate and who did not; nor would she disclose any of their individual answers or 
observations. Due to farmworker concerns about loss of confidentiality and potential 
harm in their employment status, the institutional review board (IRB) was asked to waive 
the requirement of written consent for the participating farmworkers, as that would have 
been the only source linking a farmworker’s name to the data.  
Benefits of participation included a $25 Walmart gift card and the opportunity to 




The choice of the gift card as appropriate compensation for the time involved was based 
on prior fieldwork, and was supported by studies involving this population (Zahm & 
Blair, 1993). Farmworkers were given the option to withdraw from the study without 
penalty at any time. Participants were given investigator contact information and an 
information sheet about the study in Spanish. To maintain anonymity, each participant 
was given a study number on an index card (a field-tested procedure) to enable the 







Demographic data were collected to describe the sample of growers and 
farmworkers in the study. Data were self-reported by farmworkers (Appendix I) and 
included age, gender, marital status, number of children, whether or not they were living 
with family, ethnicity, home country, whether they had worked on another farm in the 
United States in the previous 12 months, whether they were living where they were 
working, and whether they were in the United States on a work contract. Also collected 
were years worked in agriculture both inside and outside the United States, number of 
seasons worked in the country, years worked in tobacco, highest level of education 
completed, ability to understand English (reading and speaking), how and when pesticide 
protective behavior training was received, and if they or a family member had ever had a 
diagnosis of cancer.  




and included age, gender, marital status, number of children, residence on the farm where 
they worked (yes or no), and the number of farmworkers employed in the tobacco 
growing season. Growers were also asked the number of years worked agriculture in the 
United States, years worked in tobacco, the highest level of education completed, their 
pesticide safety training experience and date of last training, whether or not they held a 
pesticide license, and what pesticide activities they engaged in, as well as if they or a 
family member had ever had cancer.  
 
Observed Pesticide Protective Behavior 
 
Observed PPB data were collected by use of an investigator-developed 
observational checklist (Appendix A). Observational checklists are known more broadly 
as a quantitative observational data collection method that involves formal instruments 
based on knowledge (Polit & Beck, 2014). They are a form of naturalistic, or 
nonparticipant observation in which the setting, event, and behaviors are naturally 
occurring (Price & Oswald, 2006). The primary investigator took existing knowledge of 
what is shared in the EPA “Protect Yourself from Pesticides” brochure (U.S. EPA, 2006) 
and made it into a checklist of behaviors that could be observed. It was not intended to 
understand a behavior (e.g., why one does the behavior or not), but rather simply whether 
or not it was done. The benefits of naturalistic observation are that it is sensitive; it shows 
if the behaviors that were recommended to be taught were demonstrated in this particular 
sample on this particular day, and it also has high ecological validity (the extent to which 
it generalizes to real-life circumstances; Price & Oswald, 2006).  




taken place, no previous study had systematically analyzed the degree of adherence to the 
WPS recommended behaviors. The tool was developed by listing all of the behaviors in 
the “Protect Yourself from Pesticides” brochure developed by the EPA to address WPS 
criteria (U.S. EPA, 2006); the purpose of the Checklist was to observe as many behaviors 
as are enumerated in the EPA training as possible. The behaviors that were able to be 
observed appear in both the Observational Checklist (Appendix A) and the Self-Report of 
Behavior Questionnaire (Appendix B); those that were not observable were asked only in  
the Self-Report of Behavior Questionnaire (see Table 1.1). 
There were nine behaviors included in the Observational Checklist. Wearing 
gloves is not a behavior recommended by the WPS but it is recommended by several 
groups, including the California Poison Control System in collaboration with the 
California Department of Pesticide Regulation and the Western Center for Agricultural 
Health and Safety at the University of California, Davis (California Poison Control 
System, 2013). Several researchers have also reported that wearing gloves is effective in 
protecting against pesticide exposure (Furlong et al., 2015; Hernandez-Valero et al., 
2001; Salvatore et al., 2008); therefore, the wearing of gloves was included in this study. 
The Checklist utilized an event tally system, which is a count of behaviors as they 
occur. The number of occurrences of a behavior was easily and unobtrusively recorded 
using a handwritten tally counter. How many times a behavior occurred within a certain 
time frame was analyzed as a frequency (Keller, 2005). The event tally system is a way to 
sample all occurrences of some behaviors (Altmann, 1974); in this case, those mandated 
by the WPS. Furthermore, these behaviors could be analyzed categorically in order to 




Table 1.1  
 
Observable and Nonobservable Behaviors in the “Protect  




(Found in both Observational Checklist and Self-
Report of Behaviors Questionnaire) 
Nonobservable Behaviors 
(Found in Self-Report of Behaviors 
Questionnaire only) 
Wearing long pants 
 
Washing hands before smoking 
Wearing a long-sleeved shirt 
 
Washing hands before chewing gum or tobacco 
Wearing shoes 
 
Washing face before smoking 
Wearing socks 
 
Washing face before chewing gum or tobacco 
Washing hands before eating 
 
Washing hands before using the toilet 
Washing hands before drinking 
 
Staying out of areas where pesticides are applied  
Washing face before eating 
 
Staying out of restricted areas  
Washing face before drinking Staying out of areas “the boss tells you not to go in”  
 
*Wearing gloves (not in WPS) Never taking pesticides or pesticide containers 
home  
 
 Keeping children away from pesticides  
 
 Washing whole body, including hair, after work 
each day 
 
 Keeping dirty work clothes separate from nonwork 
clothes and family laundry 
 
 
individual observation level (a 30-minute time period) to a person level, and then 
assigned to one of three categories: none of the time (0% of the observations; 0), all of 
time (100% of the observations; 1), or some or most of the time, called sometimes (>0% 
and <100% of the observations; 0.5).  
The majority of the behaviors were clearly operationalized (either someone was 




was washing behaviors. Washing hands before eating and drinking and washing the face 
before eating and drinking comprised four questions on the Observational Checklist. The 
operationalization of hand washing was vigorous, brief rubbing together of all surfaces of 
premoistened lathered (with soap) hands and fingers followed by rinsing under a stream 
of cool or tepid water (CDC, 2009; see also CDC 2013). A similar definition was used for 
face washing: vigorous, brief rubbing of the face with hands lathered with soap and 
rinsing under a stream of cool or tepid water. Use of hand sanitizer in place of soap was 
specifically noted if observed, as it has been shown to increase biomarkers of pesticide 
exposure (Coronado, 2012). The only other behaviors requiring definition were eating 
and drinking. Eating was defined as any time workers put food into their mouth (a snack 
or full meal). Drinking was defined as any time workers ingested liquid, whether they 
used a cup, bottle, or hand to get liquid to their mouth. The actual behavior of eating and 
drinking was not added into the summary score because the behavior of interest was the 
washing of face and hands.  
A summary score for later use of observed clothing behaviors and observed 
washing behaviors was created. The observed clothing behaviors included wearing long 
pants, long-sleeved shirts, shoes, gloves, hats, and water-resistant outerwear; socks were 
excluded because so few could be seen, and the nonmandated behaviors of wearing 
gloves, hats, and water-resistant outerwear were added because they were so highly 
utilized. The observed clothing summary score could range from 0 (the farmworker did 
none of the behaviors) to 6 (the farmworker did all of the behaviors all of the time). 
Likewise, the observed washing summary score included washing hands before eating, 




drinking. The range was 0 to 4; higher scores indicate more observed pesticide protective 
behaviors.  
The Observational Checklist employed face validity, which means that the 
instrument looks like it measures the construct of interest; in this case, protective 
behaviors (DeVon et al., 2007). The behaviors in the Checklist should look exactly like 
the behaviors covered in the EPA “Protect Yourself from Pesticides” brochure (U.S. 
EPA, 2006). Content validity was established by use of the EPA brochure created to 
educate farmworkers about pesticide protective behaviors (U.S. EPA, 2006). A panel of 
experts (committee members) reviewed the brochure and the Observational Checklist, 




The Self-Report of Behavior Questionnaire (Appendix B) inquired about the same 
nine behaviors that were in the Observational Checklist, as well as 12 additional 
behaviors that could not be observed (Table 1.1). A question about gloves had been 
added even though it is not a part of the current WPS mandate for training; additionally, 
two questions were added about the use of hand sanitizer that were not part of the WPS 
mandate for training. Because factors such as weather or available supplies could vary, 
farmworkers were asked what they “normally” did. The responses were scored 
categorically as “yes” (1), “no” (0), or “sometimes” (0.5). A summary score was created 
from these items as well, ranging from 0 (the farmworker reported doing none of the 
protective behaviors) to 23 (the farmworker reported doing all of the protective behaviors 





Verbal administration of the Self-Report of Behavior Questionnaire was chosen 
because the interview method is recommended over pencil and paper self-report when a 
large proportion of the target population is illiterate (Waltz, Strickland, & Lenz, 2010). 
Some literature supports that belief that sensitive topics are best assessed in written 
questionnaires, so the participant does not have to talk to the researcher (Doyle, 2005); 
however, four independent studies about stress and contraceptive use involved the 
collection of sensitive data from Latino farmworkers and other low-income Latinos with 
low literacy, and all utilized verbally administered questionnaires with success (Garcés-
Palacio, Altarac, & Scarinci, 2008; Hiott, Grzywacz, Davis, Quandt, & Arcury, 2008; 
Pulerwitz, Pulerwitz, Amaro, De Jong, & Gortmaker, 2002; Scarinci, Beech, Kovach, & 
Bailey, 2003). 
 
Perceived Threat of Illness From Pesticide Exposure 
 
The Illness Threat Questionnaires (Appendix C and Appendix K) were created by 
the investigator to assess the perceived threat of illness from pesticide exposure. The 
Questionnaires for both farmworkers and growers consisted of six questions that included 
perceived severity and susceptibility to illness (3 items), knowledge about health 
problems as a result of pesticide exposure (1 item), illness among family members or 
friends as a result of pesticide exposure (1 item), and training about PPBs (1 item). 
Responses were captured by a 4-point Likert scale. A 4-point scale was used because 
limiting the response range has been shown to be preferable with participants having low 




strongly disagree, disagree, agree, and strongly agree.  
As this was the first time the Illness Threat Questionnaire was used, an 
unrestricted exploratory factor analysis was undertaken to ensure fit of all of the factors. 
A two-factor solution was found, with one factor stronger than the other. The stronger 
factor had five items and the weaker factor had one item (“I know people who have 
developed health problems after working with pesticides”); the item on the weaker factor 
was excluded from calculation of the summary score. Reliability testing was done on the 
remaining five items, which hung together well, and those were used to calculate 
summary scores ranging from 5 to 20 for illness threat (Cronbach’s alpha = .670).  
 
Perceived Threat of Cancer From Pesticide Exposure 
 
No standardized tool existed that assessed perceived cancer risk from pesticides; 
therefore, the Cancer Threat Questionnaires were developed by the investigator 
(Appendix D and Appendix L). They consisted of six questions for farmworkers and 
growers, respectively, including perceived severity and susceptibility to cancer (3 items), 
knowledge about cancer risk (1 item), cancer among family members or friends as a 
result of pesticide exposure (1 item), and training about PPBs (1 item). Responses were 
captured by a 4-point Likert scale. The response options were strongly disagree, disagree, 
agree, and strongly agree.  
As this was the first time the Cancer Threat Questionnaires were used, an 
unrestricted exploratory factor analysis was undertaken to ensure fit of all of the factors. 
A two-factor solution was found, with one factor stronger than the other. The stronger 




developed cancer after working with pesticides”); the item on the weaker factor was 
excluded from calculation of the summary score. Reliability testing was done on the 
remaining five items, which hung together well, and those were used to calculate 
summary scores for cancer threat (Cronbach’s alpha = .697). 
 
Perceived Benefits of PPBs 
 
Perceived benefits of PPBs were assessed via a targeted qualitative, open-ended 
interview question asked of both farmworkers and growers. Prior field work 
demonstrated that growers are often personally involved in the application of pesticides. 
Perceived benefits of PPBs were assessed with a single-item question worded as follows: 
“What are the benefits of pesticide protective behaviors?” (Question [Q] 6, Appendix E 
for farmworkers, and Q 7, Appendix F for growers).  
 
Perceived Barriers to PPBs 
 
Perceived barriers to PPBs were assessed via a targeted qualitative, open-ended 
interview question asked of both farmworkers and growers. For farmworkers, it was a 
single-item question worded as follows: “What gets in your way of doing pesticide 
protective behaviors?” (Q 12, Appendix E). Growers were asked the same question about 
their own experience (Q 16, Appendix F), and a second question: “What gets in the way 
of farmworkers doing pesticide protective behaviors?” (Q 17, Appendix F). 
 
Perceived Facilitators of PPBs 
 
Perceived facilitators of PPBs were assessed via targeted qualitative, open-ended 




probe for farmworkers: “Which pesticide protective behaviors are easy to do? Why?” (Q 
6, Appendix E). Growers were asked the same question about their personal experience 
(Q 9, Appendix F), and a second question: “Which pesticide protective behaviors are 
easy for farmworkers to do? Why?” (Q 16, Appendix F).  
 
Strategies to Mitigate Barriers to PPBs 
 
Strategies to mitigate barriers to PPBs were assessed via targeted qualitative, 
open-ended interview questions asked of both farmworkers and growers. Farmworkers 
were asked, “What strategies could make those behaviors easier?” (Q9, Appendix E) as 
follow up to (a) a question about which PPBs are hard to do, and (b) “If you could 
suggest anything to minimize pesticide exposure, what would it be?” (Q 14, Appendix E). 
Growers were asked, “What strategies could make those behaviors easier?” (Q 19, 
Appendix F) as follow up to the question, “Which PPBs are hard for farmworkers to do? 
Why?” They were also asked, “If you could suggest anything to minimize pesticide 
exposure, what would it be?” (Q 25, Appendix F). 
There were a total of 16 qualitative open-ended questions for farmworkers, and a 
total of 25 qualitative open-ended questions for growers. The growers were asked more 
questions to give them the opportunity to talk about both their own behaviors and the 
behaviors of the farmworkers on their farm; they were also asked a question about how 











Prior to beginning data collection, the study team member serving as the 
interviewer forward translated the Self-Report of Behavior Questionnaire, the Illness 
Threat Questionnaire, the Cancer Threat Questionnaire, the Targeted Interview 
Questions, and the Demographic Questionnaire for farmworkers into Spanish; a third 
party not familiar with agriculture separately translated the same tools. The versions were 
compared and a final version created. The study interviewer was a native Spanish speaker 
familiar with agriculture and was trained to administer the four tools. The same five tools 




Grower Consent and Data Collection 
 
After IRB approval was obtained, the growers were approached and informed 
consent and permission to enter the farm and recruit farmworkers to the study was 
obtained. Growers were interviewed once all farmworker data collection was complete, 
to minimize the likelihood that the grower would modify anything in the work 
environment after being aware of the study questions. Interviews were audio recorded. 
 
Farmworker Recruitment and Consent 
 
At the time of farmworker verbal consent, what the farmworker was wearing was 
noted in order to identify him/her in the field. Observations took place on a weekday 






Farmworker Data Collection 
 
The primary investigator conducted all of the field observations, with a maximum 
of 8 workers observed over an entire workday. Observations occurred from locations that 
would not obstruct the flow of work but allowed a view of hand washing stations (if they 
existed). In addition to utilizing the checklist, aspects of the work environment were 
recorded in field notes. Field notes clarified the type of work that was being done by the 
farmworkers on that day (because behaviors might be different based on work task). 
Notes were also made about barrier conditions, such as rain, extremely high 
temperatures, unavailability of hand-washing sinks or other items needed for 
farmworkers to carry out PPBs. Field notes also served as a way to triangulate findings 
from the observational and self-report data and to substantiate some of the responses 
about facilitators of and barriers to PPBs in the interview questions asked of both 
farmworkers and growers (Stake, 1995).  
On the weekend following the observations, the enrolled farmworkers answered 
the Self-Report of Behavior Questionnaire, the Illness Threat Questionnaire, the Cancer 
Threat Questionnaire, the Targeted Interview Questions, and the Demographic 
Questionnaire for farmworkers, administered by the study interviewer, who was a 
Spanish speaker familiar with agriculture. Each farmworker presented his/her small index 
card to the interviewer so that his/her responses could be paired with his/her 











A pilot of the Observational Checklist, the Self-Report of Behavior Questionnaire, 
the Illness Threat Questionnaire, the Cancer Threat Questionnaire, and the Demographic 
Questionnaire was conducted with 2 farmworkers prior to the start of the study. After the 
interviews, they were asked to give feedback on the questions and to identify which, if 
any, caused confusion, needed clarity, and so forth, so questions could be refined prior to 
being administered during the actual study. The refinements were made by a committee 
member and the primary investigator present for all parts of the pilot. The $25 Walmart 
gift card incentive was given for participation in the pilot study as well, and these 




The primary investigator was present for each verbally administered interview 
and personally ensured that the data were complete. She entered into the REDCap data 
system, a secure web application for managing surveys and databases, all data from the 
Observational Checklist, Illness Threat Questionnaire, Cancer Threat Questionnaire, Self-
Report of Behavior Questionnaire, and Demographic Questionnaire for the farmworkers, 
as well as data from the Demographic Questionnaire for the growers. REDCap was 
screened for missing data, entry errors, and outliers. There was no personally identifiable 
information stored, only the participants’ study identifications. The data were stored in a 
password-protected database on a password-protected computer. 
Interviews were audio recorded, and interview responses were transcribed in 




Spanish speaker from Mexico whose parents were agricultural workers living close to the 
farms in the study. The selection of this team member to do translation and transcription 
was purposeful, as the literature suggests that a translator’s natal language and dialect be 
similar to the participants to minimize threats to validity (Esposito, 2001). The 
interviewer was regarded as a team member who understood the research epistemology 
and methodology, and the fact that her own social position and lived experience 
influenced her interpretation of the data is acknowledged (Wong & Poon, 2010). The use 
of two translators and translation in real time are also recommended to minimize threats 
to validity. While real-time translation was not feasible, an independent contractor 
transcription and translation service was used for 10% of the data to compare differences. 
The majority of differences in translation were minor and involved use of slang and 





REDCap electronic data capture tools were used to manage all responses (Harris 
et al., 2009), and the Statistical Package for the Social Sciences (SPSS), version 22, was 
utilized to conduct all data analyses (IBM Corporation, 2013). Descriptive statistics, 
including frequency counts and percent statistics, were computed for the demographic 
variables.  
Aim #1: Compare and contrast observed and self-reported adherence of Latino 
migrant and seasonal farmworkers to pesticide protective behaviors 
recommended in the EPA’s Worker Protection Standard.  
 
RQ 1: To what extent are Latino migrant and seasonal farmworkers 




the EPA’s Worker Protection Standard? (Observational Checklist) 
 
Descriptive analyses were performed to evaluate the observed behaviors of 
individual farmworkers. These showed variability of the behaviors and provided 
comparative information to the WPS training tool. Frequencies and proportions were 
reported for each behavior on the Observational Checklist. Hand washing and washing of 
the face appeared twice as often as in the standardized training tool, but had to be listed 
separately since the training tool pairs hands and face for washing before eating and 
before drinking, and it is likely that hands would be washed in circumstances in which 
the face would not. One summary score for observed clothing behaviors and one for 
observed washing behaviors was created for each participant; means and standard 
deviations were reported. 
RQ 2: To what extent do Latino migrant and seasonal farmworkers report 
utilizing pesticide protective behaviors recommended in the EPA’s 
Worker Protection Standard? (Self-Report of Behavior 
Questionnaire) 
 
Descriptive analyses were performed to evaluate the self-reported behaviors of 
farmworkers. These showed variability of the behaviors and provided comparative 
information to the WPS training tool. Frequencies and proportions were reported for each 
behavior on the Self-Report of Behavior Questionnaire. Hand washing and washing of 
the face appeared more often than in the standardized training tool, as for the 
Observational Checklist. A summary score for self-reported behaviors was also created 
for each participant; means and standard deviations were reported.  
RQ 3: What are the differences between observed and self-reported 






Observed behaviors were aggregated from an individual observation level (a 30-
minute time period) to a person level, and then assigned to one of three categories: none 
of the time (0% of the observations), all of time (100% of the observations), or some or 
most of the time, called sometimes (>0% and <100% of the observations). Self-reported 
behaviors were comparable with the categories. There were a total of nine behaviors that 
could be compared and reported in this way. The behaviors were compared using 
Wilcoxon’s signed rank tests.  
Aim #2: Describe if and to what extent Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a threat to illness, and the relationship 
between illness threat perception and pesticide protective behaviors. 
 
RQ4: To what extent do Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a threat to illness? (Illness 
Threat Questionnaire)  
 
The questions about pesticides as a threat to illness were in the Illness Threat 
Questionnaire (Appendix C); they had 4-point Likert scale responses. A summary score 
of perception of threat of illness, that included all but one item that was excluded after an 
exploratory factor analysis, was created for each participant. Higher scores indicated 
greater perception of threat of illness. Frequencies and proportions were reported for 
individual items. Means and standard deviations were reported for summary scores.  
RQ5: To what extent does use of pesticide protective behaviors of 
farmworkers vary based on their level of perceived threat of illness 
from pesticide exposure? 
 
As mentioned above, a summary score was calculated for the level of perceived 
threat of illness for each farmworker. A summary score of the observed protective 
clothing behaviors and observed protective washing behaviors was also calculated. 




threat, mean observed protective clothing behaviors, and observed protective washing 
behaviors, as well as between personal characteristics and mean observed protective 
clothing and mean observed protective washing behaviors. We also examined with 
stepwise multiple regression whether there was a predictive relationship between illness 
threat or personal characteristics and use of protective clothing and protective washing 
behaviors.  
Aim #3: Describe if and to what extent Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a cancer threat, and the relationship 
between cancer threat perception and pesticide protective behaviors. 
 
RQ6: To what extent do Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a cancer threat? (Cancer Threat 
Questionnaire) 
 
The questions about pesticides as a cancer threat were in the Cancer Threat 
Questionnaire (Appendix D); they had 4-point Likert scale responses. A summary score 
of perception of threat of cancer, which included all but one item that was excluded after 
an exploratory factor analysis, was calculated for each participant. Frequencies and 
proportions were reported for individual items. Means and standard deviations were 
reported for summary scores.  
RQ7: To what extent does use of pesticide protective behaviors of 
farmworkers vary based on their level of perceived threat of cancer 
from pesticide exposure? 
 
As mentioned above, a summary score was calculated for the level of perceived 
threat of cancer for each farmworker. A summary score of the observed protective 
clothing behaviors and observed protective washing behaviors was also calculated. 
Spearman correlation coefficients were calculated for the summary scores of cancer 




behaviors, as well as between personal characteristics and mean observed protective 
clothing and mean observed protective washing behaviors. We also examined with 
stepwise multiple regression whether there was a predictive relationship between cancer 
threat or personal characteristics and use of protective clothing and protective washing 
behaviors.  
Aim #4: Identify Latino migrant and seasonal farmworkers’ perceived facilitators 
of, barriers to, and strategies to counter barriers to pesticide protective 
behaviors recommended in the EPA’s Worker Protection Standard. 
 
RQ8: What facilitators, barriers, and strategies to counter barriers do 
Latino migrant and seasonal farmworkers identify as impacting the 
pesticide protective behaviors they practice? (Targeted Interview 
Questions) 
 
The Targeted Interview Questions for farmworkers included the items about 
perceived benefits of PPBs and perceived barriers to PPBs, as well as facilitators of PPBs 
and strategies to counter barriers to PPBs. The transcribed and translated text from the 
interviews with farmworkers was uploaded into ATLAS.ti and content analyzed by the 
primary investigator. Several a priori codes for the responses were entered into ATLAS.ti 
based on existing literature, and additional codes emerged. The codes, frequencies of 
those codes, and exemplars of those codes for benefits, barriers, facilitators, and 
strategies to counter barriers to PPBs for the farmworker group were reported.  
Aim #5: Identify growers’ perceived facilitators of, barriers to, and strategies to 
counter barriers to pesticide protective behaviors recommended in the 
EPA’s Worker Protection Standard.  
 
RQ9: What facilitators, barriers, and strategies to counter barriers do 
growers identify as impacting the pesticide protective behaviors of 
farmworkers and themselves? (Targeted Interview Questions) 
 




benefits of PPBs and perceived barriers to PPBs, as well as facilitators of PPBs and 
strategies to counter barriers to PPBs. The transcribed results of the interviews with 
growers were uploaded in ATLAS.ti by the primary investigator. Just as above, several a 
priori codes based on the literature were entered, and codes were allowed to emerge. The 
codes, frequencies of those codes, and exemplars of those codes for benefits, barriers, 
facilitators, and strategies to counter barriers to PPBs for the grower group were reported.  
All qualitative data were systematically coded and analyzed utilizing content 
analysis techniques (Bernard, 2010). During coding, each audio recording was assessed, 
both for context and as a form of quality checking of the transcript. When there were 
discrepancies between the audio recording and the transcript, the audio-recorded version 
was used. Seven transcripts were then chosen using a random number generator and 
coded independently by two coders. The interrater reliability was 68.4% for the initial 
coding. Discrepancies were then negotiated to achieve 100% agreement. The additional 




There are a number of limitations inherent in a study of this nature. The size and 
scope of the study, and resources available for a dissertation project limited a more 





Because of an unusually wet season, the summer of 2013 was a challenging one 




(and thus access to farmworkers) in this economic climate may have been more difficult, 
as they were working toward a greater yield in 2014. The primary investigator attempted 
to counter this potential problem by becoming familiar to the grower and farmworker 
communities in Johnston County so that rapport was established before the study 
opportunity was presented.  
 
Sample Selection Bias 
 
Growers who consented to this observational study on their farms had participated 
voluntarily in the North Carolina Certified Safe Farm Intervention (East Carolina 
University, 2012), and therefore may have been more motivated toward safety than other 
farmers, thus not being representative of the larger farming community. These farmers 
may have been more likely to ensure that their workers had received training in pesticides 
and PPBs, and more likely to supply PPE than other farmers.  
 
Context of the Behaviors 
 
While the behaviors in the Observational Checklist and Self-Report of Behavior 
Questionnaire were clearly operationalized, the context of the environment in which the 
behaviors were taking place should be considered. For example, a worker may have 
reported that he/she did not normally wash his/her hands with soap before drinking. If no 
soap and water were provided when the farmworker was being observed, the lack of 
adherence would be better understood as not being under their control as opposed to a 
personal choice when washing supplies were available. Field notes taken during both 
observations and interviews were utilized to contextualize the study findings to overcome 






Given the sequential procedures involved in data collection, there was the 
possibility of farmworkers being prepared by their coworkers for what was being asked 
in the Self-Report of Behavior Questionnaire or the Targeted Interview Questions, thus 
also gaining insight into what was being observed in the field. This may have caused later 
participants to change their usual practices. Also, as the growers attend many of the same 
meetings and are known to one another, similar contamination among the growers could 
have occurred. While this may have occurred, the study team never observed or heard 
conversations containing contamination or disclosure of study focus, and a range of 




Barriers to PPBs may change based on crop, grower, and time in the agricultural 
season, in addition to some of the more stable characteristics of the farmworker 
him/herself. In order for results to be more broadly generalizable about PPB adherence by 
farmworkers, longitudinal studies, other crops, non-Latino farmworkers, and other states 
should also be studied to extend generalizability about adherence to PPBs and factors that 
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OBSERVED AND SELF-REPORTED PESTICIDE 
 







Exposure to pesticides has potential adverse health effects for farmworkers that 
can be reduced by pesticide protective behaviors (PPBs). The Environmental Protection 
Agency’s (EPA) Worker Protection Standard (WPS) provides standards for PPBs that are 
to be taught to farmworkers prior to field work. Studies to date have not utilized 
observational methods to evaluate the degree to which PPBs are practiced by Latino 
migrant and seasonal farmworkers in the United States. The purpose of this study was to 
describe, compare, and contrast observed and self-reported PPBs used by Latino 
farmworkers; both WPS recommended and nonmandated behaviors were included. 
Observed and self-reported data were collected from 71 Latino farmworkers during the 
2014 tobacco growing season in North Carolina. The average farmworker was a Latino 
male from Mexico with a middle-school level of education with either no or limited 
English language skills. On average, farmworkers had worked in agriculture for 12 years 
outside of the United States and for six seasons within the United States.  






the field most of the time. In addition, gloves, hats/bandanas, and water-resistant 
outerwear were frequently observed, although they are not mandated by the WPS. 
Farmworkers reported more long-sleeve (p = .028) and glove use (p = .000) than what 
was observed. It was uncommon to observe washing behavior before eating or drinking, 
even when washing supplies were available. Washing behaviors were significantly 
overreported for hand (p = .000) and face (p = .000) washing before eating, and for hand 
(p = .000) and face (p = .058 trend) washing before drinking in the field. This study 
documents that WPS-mandated plus a few nonmandated behaviors for protective clothing 
are commonly practiced by Latino migrant and seasonal farmworkers, but washing 
behaviors in the field are not. Targeted strategies to improve washing behaviors in the 
field are needed. 
 
Introduction and Background 
 
Exposure to pesticides may be linked to deleterious health consequences for 
farmworkers (do Pico, 1996; Mills, Dodge, & Yang, 2009; Saw et al., 2011; Villarejo, 
2003; Villarejo & McCurdy, 2008). While farmworkers may not directly apply the 
pesticides, they can be exposed through the skin or eyes (dermal); through eating, 
drinking, and other hand-to-mouth behaviors (ingestion); and through breathing vapors 
and dusts (inhalation). Farmworkers come in contact with pesticide residues during 
regular crop maintenance and harvesting, as well as through drift from nearby fields or 
the unintentional treatment of the area where they are working (Mobed, Gold, & 
Schenker, 1992).  





potentially minimizes adverse health outcomes (Arcury et al., 2005; Curwin, Hein, 
Sanderson, Nishioka, & Buhler, 2003; Furlong et al.; Hernandez-Valero, Bondy, Spitz, & 
Zahm, 2001; Quandt et al., 2006; Salvatore et al., 2008). The Worker Protection Standard 
(WPS), published in 1992 by the Environmental Protection Agency (EPA), provides 
standards for PPBs for agricultural workers and mandates that these behaviors be taught 
to farmworkers within 5 days of beginning work in a field and every 5 years thereafter in 
order to minimize exposures. Training has been tailored to workers with limited English 
proficiency and limited formal education. According to the most recent National 
Agricultural Workers Survey (Office of the Assistant Secretary for Policy, 2005), the 
majority of hired farm laborers in the United States have completed no more than 7 years 
of formal education; the majority of foreign-born farmworkers neither speak nor read 
English.  
Previous studies have not utilized field observational techniques to evaluate the 
degree to which PPBs are practiced by Latino migrant and seasonal farmworkers in the 
United States. The actual level of PPB adherence must be understood in order to shape 
meaningful health policy and protection standards, enact educational requirements that 
are effective, and test interventions that decrease pesticide exposure, ultimately 
minimizing adverse health outcomes for farmworkers. 
Protective behaviors are defined as ways farmworkers can reduce their exposure 
to pesticides and reduce the take-home pathway (Strong, Thompson, Koepsell, & 
Meischke, 2008). According to the EPA, these behaviors include washing hands before 
eating, smoking, or using the restroom; wearing protective clothing to minimize skin 





showering and changing clothes immediately after work; and washing work clothes 
separately from other laundry. While not mandated in the WPS, gloves have been 
reported to be efficacious in minimizing pesticide exposures (California Poison Control 
System, 2013; Furlong et al., 2015; Hernandez-Valero et al., 2001; Quandt et al., 2006; 
Salvatore et al., 2008). A recent study explored the impact of hand sanitizer use in the 
field and found that those who reported using hand sanitizer in the field had higher levels 
of DMTP (a biomarker of insecticide exposure) in their urine when compared to those 
who reported hand washing with soap and water (Coronado, 2012). 
Studies of self-reported farmworker behaviors have found that farmworkers do 
not use pesticide protective equipment (PPE), one facet of PPB. In a study that included 
270 Hispanic farmworkers recruited in an eight-county area of North Carolina in which 
tobacco and cucumbers were the primary crops, farmworkers were queried about whether 
they used any methods to protect against pesticide exposure; 22% said they always used a 
method to protect against exposure and 53% said they never did (Arcury, Quandt, Austin, 
Preisser, & Cabrera, 1999). As recently as 2012, more than 25% of Hispanic farmworkers 
in another study in North Carolina in which tobacco was the primary crop did not report 
using PPE (Levesque, Arif, & Shen, 2012b). Use of PPE was defined for that study as 
wearing gloves, socks, and a hat or cap while performing fieldwork; however, none of 
those behaviors, with the exception of wearing socks, is mandated by the EPA. 
Specifically, 33% of the farmworkers did not wear a hat/cap or socks, and 25% did not 
wear gloves while working in the fields within the previous month. All of the 
farmworkers in the sample reported receiving training about how to prevent or reduce 





PPB, is inadequately utilized, but no studies to date have examined these with an 
observational method. 
The purpose of this study was to describe, compare, and contrast the observed and 
self-reported pesticide protective behaviors (PPBs) used by Latino migrant and seasonal 
farmworkers as recommended in the EPA’s Worker Protection Standard. We also 
observed and queried farmworkers about their use of gloves and hand sanitizer, and 
observed their use of hats and water-resistant outerwear, none of which are mandated by 
the WPS. To achieve this goal we gathered observed and self-reported data from 71 
Latino farmworkers in North Carolina.  
 




After receiving institutional review board approval for this study, the primary 
investigator recruited tobacco growers for participation, thereby gaining access to 
approach farmworkers for participation. One of the three largest North Carolina counties 
for tobacco production was selected as the location for recruitment. Growers were chosen 
based on access; seven growers in this county were approached who had previously 
participated in a safety intervention called Certified Safe Farms (CSF) (East Carolina 
University, 2012), which focused on injury reduction. Three out of the seven growers 
who participated in CSF and were approached for participation agreed to allow access to 
their farms for recruitment of farmworkers.  
Seventy-two farm workers were approached on the three farms, and all 





characteristics: age 18 or older, ability to speak Spanish or English, and self-identification 
as being of Hispanic/Latino ethnicity. One farmworker in a supervisory role did not 
participate in the observational portion of the study because his work tasks were 
substantially different, leaving observed data from 71 participants for comparison. All 
data were collected between May and October 2014.  
Variation existed among the farms enrolled. The first two farms were smaller than 
the third in terms of acreage and the number of farmworkers employed (5, 7, and 60, 
respectively). Because data were collected by the primary investigator sequentially, there 
was also variation in work task being performed at the time of observation. In the process 
of cultivating tobacco, the seed is grown before being transplanted to the field, the field is 
maintained through weeding, the more mature plant is topped and suckered (removal of 
the tobacco flower to allow all nutrients to be supplied to the leaves), and then the leaves 
are harvested and barned to be cured. During observation, workers on the first farm were 
weeding shortly after the tobacco transplantation; on the second farm, workers were 
topping and suckering prior to harvest; and on the third farm, workers were harvesting 






Participant-characteristic data (21 items) were collected verbally in Spanish by 
self-report from farmworkers. Items asked were related to demographics (e.g., age, 





farmworker was in the United States on a work visa), education, English proficiency, 
pesticide training, and cancer in the farmworkers’ families. 
 
Observed Pesticide Protective Behaviors 
 
The investigators developed a quantitative observational checklist to record the 
PPBs of farmworkers (see Figure 2.1). This instrument provided a way to carry out 
naturalistic, nonparticipant observation in which the setting, events, and behaviors were 
naturally occurring. The behaviors included in the observational checklist were identified 
from the EPA “Protect Yourself from Pesticides” brochure developed to address WPS 
criteria (United States Environmental Protection Agency [U.S. EPA], 2006).  
Of all of the behaviors recommended, nine were observable: wearing long pants, 
wearing a long-sleeved shirt, wearing shoes, wearing socks, washing hands before eating, 
washing hands before drinking, washing face before eating, and washing face before 
drinking. Several additional behaviors were inquired about in self-report but were not 
observable (e.g., bathroom and showering behaviors). Wearing gloves is a behavior not 
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minimizing pesticide exposure (Furlong et al., 2015; Hernandez-Valero et al., 2001; 
Salvatore et al., 2008); glove use was therefore included as the ninth observable behavior.  
The checklist utilized an event tally system—a way to sample all occurrences of 
some behaviors (Altmann, 1974). The majority of the behaviors were clearly 
operationalized, with the exception of washing behaviors in the field. Washing was 
operationalized as vigorous, brief rubbing together of all surfaces of premoistened 
lathered (with or without soap for the purposes of the study) hands and fingers followed 
by rinsing under a stream of cool or tepid water (Centers for Disease Control and 
Prevention [CDC], 2009; see also CDC, 2013). The same operationalization was utilized 
for face washing. Notes were made if hand sanitizer was used in place of soap. An 
assessment of washing supplies available was recorded for each 30-minute time period 
via field notes.  
 
Self-Reported Pesticide Protective Behaviors 
 
The self-report of behavior questionnaire that was verbally administered was 
created by the investigators based on the WPS, inquiring about the nine behaviors 
described above and adding 12 nonobservable behaviors. These additional behaviors 
included washing hands and face before smoking, chewing gum, or chewing tobacco; 
washing hands before using the toilet; staying out of areas where pesticides are applied; 
keeping out of restricted areas; keeping out of areas “the boss tells you not to go in”; 
never taking pesticides or empty pesticide containers home; keeping children away from 
pesticides; washing one’s whole body, including hair, after work each day; and keeping 





questions were included about the use of hand sanitizer. As PPBs vary based on what 
supplies are available (throughout any given day and by farm where workers are 
employed over the course of a season), behaviors that always occur were not possible to 
assess, so questionnaire items asked if farmworkers normally did the behaviors, with the 
response options “yes,” “no,” or “sometimes.”  
Verbal administration of the Self-Report of Behavior Questionnaire was chosen 
because the interview method is recommended over pencil-and-paper self-report when a 
large proportion of the population has limited literacy skills (Waltz, Strickland, & Lenz, 
2010). While discussing one’s protective behaviors could be sensitive, and some 
researchers have suggested that self-administered questionnaires are more accurate 
(Durant & Carey, 2000), four independent studies about sensitive topics completed with 
Latino participants who had low levels of literacy all utilized verbally administered 
questionnaires with success (Garcés-Palacio, Altarac, & Scarinci, 2008; Hiott, Grzywacz, 
Davis, Quandt, & Arcury, 2008; Pulerwitz, Pulerwitz, Amaro, De Jong, & Gortmaker, 
2002; Scarinci, Beech, Kovach, & Bailey, 2003). Two independent Spanish translations 
of the Self-Report of Behavior Questionnaire were completed, and the versions 
compared. A pilot with two farmworkers not in the study was conducted to facilitate item 
refinement. A native Spanish speaker whose parents were farmworkers and who grew up 
close to the farms in the study was trained to administer the Self-Report of Behavior 
Questionnaire and collect demographic data with the primary investigator present. All 












The primary investigator met with each enrolled grower to obtain a signed 
consent to allow her to approach employed farmworkers for participation during work 
hours, be on their property for observations, and collect data with the study team. On the 
day of the observation, the primary investigator recruited and verbally consented no more 
than 8 workers, as this was the maximum number of workers feasible for observation 
(based on a pilot study). Due to farmworker concerns about loss of confidentiality and 
potential harm in their employment status, the institutional review board waived the 
requirement of written consent, as it would have been the only source linking a 
farmworker’s name to the data. Those who consented to participate were given a study 
identification number on an index card (a field-tested procedure from the pilot study) to 
enable pairing of the observational and self-reported data. The self-reported data were 
collected on a subsequent weekend evening when the investigator and the trained native-
Spanish-speaking interviewer familiar with agriculture returned to the workers’ homes or 
labor camp. 
The observation period included the entirety of the workday, which ranged in 
length from 6 to 12.5 hours based on the amount of work to be done and the weather. 
Observations were recorded for each participant every 30 minutes. Extensive field notes 
helped to triangulate findings between observed and self-reported behaviors, including 
availability of hand washing supplies (Stake, 1995). To compensate for their time, 
farmworkers received a $25 Walmart gift card and a hat from a local farmworker service 







All data were managed using REDCap electronic data capture tools (Harris et al., 
2009), which is password protected. All data were entered by the primary investigator 
and for quality assurance purposes, 10% of the data were checked for accuracy, with 
100% accuracy found. There were a total of 1,442 observations made. Self-report 
questionnaire data were recorded by the interviewer on paper as well as audio recorded 
for quality assurance. The written data had no identifying information other than a study 
number, and were stored in a locked file. The audio files also contained no identifying 
information and were stored in a double-password-protected computer file. The 
investigator and the interviewer, who additionally transcribed and translated the 




Data were analyzed in SPSS v22 (IBM Corporation, 2013). Descriptive statistics, 
including frequencies, were run for all of the demographic variables. Observed behaviors 
were aggregated from an individual observation level (a 30-minute time period) to a 
person level, and then placed into one of three categories: none of the time (0% of the 
observations), all of time (100% of the observations), or some or most of the time (>0% 
and <100% of the observations), and descriptive statistics were run. The investigators 
chose to combine some of the time with most of the time, so that response options would 
mirror what was self-reported. Descriptive statistics were run on the responses to the 
Self-Report of Behavior Questionnaire, which were categorized as no, yes, and 





(at a categorical level) with self-reported behaviors. A p value of .05 was used to 






In this study, the participating farmworkers were predominantly males (96%) 
from Mexico (97%) with an average age of 33 years (range 18–68); most completed no 
more than a middle-school education (89%). The majority (90%) were in the United 
States on a work contract and had worked an average of 12 years in agriculture outside of 
the United States and 6 years in the United States. Almost all reported some pesticide 
safety training experience (97%) and that training had occurred within EPA-regulated 
timeframes of 2012 or later (97%). Additional personal characteristics, including mode of 




Of the nine observable behaviors, wearing long pants (n = 70, 98.5%), closed 
shoes (n = 65, 91%), and long sleeves (n = 64, 90%) were the three behaviors most often 
done by the 71 participants (see Table 2.2). Only one participant rolled up his pants for a 
portion of the observation, and a second had a tear in the knee of his pants. While 
wearing closed shoes was common, some of the shoes worn were not protective; 21% (n 
= 15) wore porous shoes (fabric shoes with or without laces) and 4% (n = 3) were not 
closed at all (sandals, flip-flops, or a sock alone). Of the shoe types observed, protective 
shoes, which were worn by 86% (n = 61) of participating farmworkers, included leather 






Farmworker Personal Characteristics 
 






32.75 (11.53)  
Gender   
Male  69 (96%) 
Female 
 
 3 (4%) 
Marital status   
Married  36 (50%) 
Civil union  20 (28%) 
Not married 
 
 16 (22%) 
Latino Ethnicity 
 
 72 (100%) 
Home country   
Mexico  70 (97%) 
Honduras 
 
 2 (3%) 
Agricultural Experience   
Seasons lived in the United States 6.5 (5.64)  
Years worked in agriculture outside of the United States 12.3 (10.32)  
Years worked in agriculture in the United States 6.36 (5.62)  
Years worked in tobacco 
 




Traveled to another farm/city for agricultural work in last 12 months  
Yes  7 (10%) 
No  65 (90%) 
 
Live on the farm where you work   
Yes  69 (96%) 
No  3 (4%) 
 
In the United States on a work contract   
Yes  65 (90%) 
No  7 (10%) 
 
Highest Level of Education Completed   
Less than middle school  26 (36%) 
Middle school  38 (53%) 
Some high school or beyond  8 (11%) 
 
English Proficiency   





Table 2.1 Continued 
 
Personal Characteristics Mean (SD) Frequency (%) 
None or very little  66 (92%) 
Some  6 (8%) 
English Proficiency   
Skill in writing English   
None or very little  69 (96%) 
Some  3 (4%) 
 
Pesticide Safety Training 
 
  
Type of training   
None  3 (4%) 
Video  68 (94%) 
Presentation/discussion  6 (8%) 
Practice session  7 (10%) 
 
Year of last pesticide safety training   
Never  2 (3%) 
2012 or 2013  12 (17%) 
2014 
 
 58 (80%) 
 
wore closed shoes for only some of the time (8%) often started the workday in boots and 
changed at a morning break or lunch into a sandal or flip-flop.  
Only 13 participants were dressed so that sock use could be evaluated; the 
majority of those participants wore socks (85%, n = 11). Only one participant worked in 
short sleeves all day, and of the 8% who wore long sleeves during only some of the 
observation period, one wore a short-sleeved shirt with gloves over his elbows, which 
was described as being more protective than a long-sleeved shirt. Several participants 
were observed wearing two shirts (protective), and several others worked with buttons 
undone at the neck and wrists (increasing their exposure risk). While not mandated, 
gloves are effective in minimizing occupational exposures to pesticides for farmworkers 







Frequency of Implementation of Pesticide Protective 
Behaviors Among 71 Farmworker Participants 
 
 
Behavior None of the Time Some or Most of the Time All of the Time 
Wearing closed shoes  0 6 (9%) 65 (91%) 
 
Wearing socksa  2 (15%) 0 11 (85%) 
 
Wearing long sleeves 1 (1.5%) 6 (8.5%) 64 (90%) 
 
Wearing long pants 0 1 (1.5%) 70 (98.5%) 
 
Washing hands before eatingb 34 (83%) 0 7 (17%) 
 
Washing face before eatingb 41 (100%) 0 0 
 
Washing hands before drinkingc 62 (90%) 7 (10%) 0 
 
Washing face before drinkingc 69 (100%) 0 0 
 
Wearing a hat 0 5 (7%) 66 (93%) 
 
Wearing gloves 14 (20%) 29 (41%) 28 (39%) 
 
Wearing water-resistant outerwear 23 (32%) 44 (62%) 4 (6%) 
 
aThere were 58 people for whom the use of socks could not be observed, so the N for the variable 
obs_socks is 13. 
bThere were 30 people for whom eating was not observed, so the N for the variables  
obs_wash_hands_before_eating and obs_wash_face_before_eating is 41. 
cThere were 2 people for whom drinking was not observed, so the N for the variables  
Obs_wash_hands_before_drinking and Obs_wash_face_before drinking is 69. 
 
The efficacy of hats and water-resistant outerwear in minimizing pesticide 
exposures is yet unknown. The vast majority of participants (93%) wore hats all of the 
time. A baseball cap was far more commonly worn (72%, n = 51) than a wide-brimmed 
hat (15%, n = 11), and some participants changed from one to the other during the day (1 
from a wide-brimmed hat to a baseball cap; 4 from a baseball cap to a wide-brimmed hat; 
1 added a wide-brimmed hat to a baseball cap; 1 wore fabric all day; 1 changed from a 





throughout the day). Forty-one percent (n = 34) of farmworkers also wore a bandana at 
some time under both kinds of hats and/or over their ears to minimize exposures. Gloves 
were worn less consistently, with 39% (n = 28) wearing them all of the time and 41% (n 
= 29) wearing them some of the time. The times during which gloves were never worn, 
workers were operating controls (n = 1), leading the team (n = 1), topping (n = 3), 
weeding (n = 5), or driving tractors (n = 5). Pesticide residues could be present on leaves 
when topping or weeding and could easily be on the steering wheels of tractors and 
controls. Also of interest, the majority of participants wore water-resistant outerwear at 
least some of the time, and usually in the morning hours when there was more dew on the 
tobacco leaves (65%, n = 48). Most of the participants (90%, n = 43) who used water-
resistant outerwear removed it before 11:00 a.m.; 4 (8%) participants tied it around their 
waists until the lunch break and 1 participant left his tied around his waist until the end of 
the workday. 
Washing behaviors before eating were difficult to observe because lunch occurred 
in participant housing (which the investigator did not enter), in an open shed for workers 
near where the tobacco was stored, or spread through the field if lunches were brought in 
by truck. Most lunches were unobserved. The eating that was typically observed was a 
morning or afternoon snack. For the 41 participants (58%) for whom observation of an 
eating opportunity was possible, only 17% (n = 7) washed their hands before eating, and 
none were observed washing their face before eating. Each participant may have engaged 
in eating more than once or not at all.  
Availability of washing supplies is also important in this context. In order for 





provided. In 67% of the 30 observed opportunities to wash hands before eating, adequate 
supplies (soap and water) were available, while in the remainder, inadequate supplies 
(water alone or nothing) were available. In 67% of the 29 observed opportunities to wash 
the face before eating, adequate supplies (soap and water) were provided, and in 33%, 
inadequate supplies (water alone or nothing) were available. In the case of soap and water 
being available, only 35% of participants took advantage of those supplies. Regardless of 
the supplies provided, no participant ever washed his/her face before eating.  
Some protective clothing behaviors varied based on the time of day. As was 
mentioned above, only 10% of participants who wore water-resistant outerwear kept it on 
past 11:00 a.m. Because other clothing behaviors could have changed more than once 
across the course of the day, they may be better understood at the observation level 
instead of the person level. The clothing behaviors that seemed to worsen over the course 
of the day were not wearing closed shoes, not wearing long sleeves, and not wearing 
gloves (see Table 2.3). Some washing behaviors also varied based on the time of day. 
Washing of the face before eating or drinking was never observed regardless of time; 
however, not washing hands before drinking worsened over the course of the day while 
washing hands before eating seemed to improve over the course of the day. On the one 
farm where there was variation in provision of supplies, the time when inadequate 
washing supplies could be observed most often was between 11:00 a.m. and 3:00 p.m. 
(43/57 observations, 75% of the time).  
While observing drinking during the lunch meal was difficult, drinking was 
frequently observed in the field. In 80% (n = 89) of the 111 observed opportunities to 
















Before 11:00 a.m. 
n (%) 
Nonadherence 
After 11:00 a.m. 
n (%) 
Wearing closed shoes 26 (2%) 16 (62%) 10 (38%) 
 
Wearing long-sleeved shirt 85 (6%) 62 (73%) 23 (27%) 
 
Wearing gloves 331 (23%) 204 (62%) 127 (38%) 
 
Washing hands before drinking 234 (16%) 160 (68%) 74 (32%) 
 
Washing hands before eating 43 (3%) 26 (60%) 17 (40%) 
 
 
87% of the 69 participants who were observed drinking did not wash their hands any of 
the time before drinking. Additionally, 34 participants (49%) drank while wearing at least 
one glove. One participant was observed wiping her hands in the dirt of the field twice 
before drinking when hand washing supplies were available. Not a single participant 
washed his/her face before drinking. Seven participants were observed spitting before 
drinking (either rinsing their mouth with the first sip of water, or spitting their own 
saliva) as a form of washing out the mouth before drinking. Use of hand sanitizer was 




In the behavior questionnaire, the 72 participants most commonly reported 
wearing long pants (100%, n = 71), wearing socks (98.5%, n = 70), using a shirt with 
long sleeves 97% (n = 69), wearing closed shoes (93%, n = 66), and wearing gloves 







Self-Reported Behaviors of 72 Farmworkers 
 
 
Behavior No Sometimes Yes 
“Do you normally . . . ?” 
 
   
Work in closed shoes 0 5 (7%) 66 (93%) 
 
Work with socks on 0 1 (1.5%) 70 (98.5%) 
 
Work using a shirt with long sleeves 1 (1.5%) 1 (1.5%) 69 (97%) 
 
Work using long pants 0 0 71 (100%) 
 
Use gloves while you work 3 (4%) 9 (13%) 59 (83%) 
 
Wash your face before eating 10 (16%) 15 (21%) 46 (63%) 
 
Wash your hands with soap and water 
before eating 
 
2 (3%) 4 (6%) 65 (91%) 
Wash your hands with hand sanitizer before 
eating 
 
40 (56%) 12 (17%) 19 (27%) 
Wash your face before drinking 
 
22 (31%) 18 (25%) 31 (44%) 
Wash your hands with soap and water 
before drinking 
 
15 (21%) 15 (21%) 41 (58%) 
Wash your hands with hand sanitizer before 
drinking 
 
22 (31%) 20 (28%) 29 (41%) 
Shower after direct contact with a pesticide 
 
8 (11%) 1 (1.5%) 62 (87.5%) 
Re-wear any work clothes, including socks 
and underwear, without washing them 
 
67 (94%) 0 4 (6%) 
Take empty pesticide containers home 
 
71 (100%) 0 0 
Take pesticides home 
 
71 (100%) 0 0 
Enter restricted areas in the field 
 
64 (90%) 3 (4%) 4 (6%) 
Change clothes after work 
 
0 1 (1.5%) 70 (98.5%) 
Wash your hands before using the bathroom 
 
5 (7%) 9 (13%) 57 (80%) 
Stay out of areas the boss tells you not to 
enter 
 





Table 2.4 Continued 
 
 
Behavior No Sometimes Yes 
Normally keep children away from 
pesticides 
 
0 1 (1.5%) 64 (98.5%) 
Normally have work clothes washed 
separately from nonwork or family 
clothing 
 
1 (1.5%) 0 70 (98.5%) 
 
 
field, the majority said they normally washed their hands (91%, n = 65) and face (63%, n 
= 46) with soap and water before eating. The majority said they normally washed their 
hands (58%, n = 41) and face (44%, n = 31) with soap and water before drinking. Fewer 
participants reported the regular use of hand sanitizer before eating (27%, n = 19) and 
drinking (41%, n = 29). 
Participants reported high levels of other washing behaviors that were not a part 
of the field observation. The overwhelming majority said they normally washed their 
whole body, including hair, after work (98.5%, n = 70); changed their clothes after work 
(98.5%, n = 70); and washed their work clothes separately from nonwork clothing 
(98.5%, n = 70). Slightly fewer reported normally showering after direct contact with a 
pesticide (87.5%, n = 62) and washing their hands before using the bathroom (80%, n =  
57). Fewer still reported normally washing their hands or face before smoking, chewing 
tobacco, or chewing gum (56%, n = 34), with 10 participants stating that they did not 
engage in tobacco use or gum chewing behavior. Very few participants reported they 
normally re-wore work clothes without washing them (6%, n = 4).  
All participants reported normally staying out of areas the boss told them not to 





n = 4). The vast majority normally kept children away from pesticides (98.5%, n = 70), 
with 6 participants noting the lack of children on the farm. No participants reported 
taking pesticides or empty pesticide containers home with them.  
 
Comparison of Observed and Self-Reported Behaviors 
 
The comparison of observed and self-reported behaviors is displayed in Table 2.5. 
Observed and self-reported behaviors of wearing closed shoes, long pants, and socks 
were consistent and highly utilized, with no statistical differences existing. Self-reported 
long-sleeve use (z = 2.197, p = .028) and glove use (z = 4.99, p = .000) were significantly 
higher than observed. Observed washing behaviors in the field did not mirror self- 
reported washing behaviors. Self-reported hand washing (z = 4.064, p = .000) and face 
washing (z = 1.896, p = .058) before drinking were higher than observed. Washing before 
eating was even more strikingly discordant; self-reported hand washing before eating (z = 





The farmworkers involved in this study reported high average years of experience 
and being in the United States on an H2A visa, each of which is associated with safer 
working conditions (Whalley et al., 2009), and the farms where the workers were 
employed were motivated toward safety, as evidenced by their participation in the 
Certified Safe Farms intervention (East Carolina University, 2012); however, the 
observed engagement in WPS-mandated pesticide protective behaviors was inadequate in 







Comparison of Observed and Self-Reported  
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-4.999 (p = .000) 
aSee observed behavior table; not all shoes used were protective. 
bFor 58 people the use of socks could not be observed, so the N for the variable obs_socks is 13. 
cThere were 30 people for whom eating was not observed, so the N for the variables 
obs_wash_hands_before_eating and obs_wash_face_before_eating is 41. 
dThere were 2 people for whom drinking was not observed, so the N for the variables 






prior to eating and drinking, significant differences existed between what was self-
reported and what was observed. This points to limitations of some previous studies on 
farmworker behaviors that relied solely on self-report data (Arcury et al., 1999; 
Ciesielski, Loomis, Mims, & Auer, 1994; Hernandez-Valero et al., 2001; Levesque, Arif, 
& Shen, 2012a; Levesque et al., 2012b; Salvatore et al., 2008).  
Another advantage of an observational approach was that it allowed the capture of 
what was provided by employers in terms of washing supplies; in about one third of the 
observed opportunities for washing before eating or drinking, adequate supplies were 
unavailable. Additionally, because of the observational design of this study, workers’ 
utilization of nonmandated safety practices could be explored. There was high observed 
use of hats, as well as using water-resistant outerwear and gloves, in the field. In light of 
this finding, the efficacy of hats and ponchos in minimizing exposures to pesticides 
should be evaluated. The most important implication from study findings is the need for 
targeted intervention and education to improve washing behaviors in the field for Latino 
migrant and seasonal farmworkers. 
High levels of training, recent training, and experience in agriculture suggested 
that implementation of pesticide protective behaviors among this group would be high, 
and this was the case for self-reported and observed use of closed shoes, socks, long 
pants, and long sleeves; however, the observed engagement in WPS-mandated pesticide 
protective behaviors was inadequate in the area of washing behaviors, raising concern 
about this pathway for pesticide exposure. While washing behaviors in the field were 
seldom observed (never for washing the face), those behaviors were self-reported as 





discrepancy that existed.  
It has been found in prior research that the exact numbers of people who reported 
hand washing before eating also reported availability of hand washing water. Because 
participants entered sheds that the primary investigator did not, rode on buses where there 
could have been hand sanitizer, and engaged in other activities not visible in the field, 
observations of washing supplies were possible only 23% of the time. Despite the 
observations that could not be captured, 67% of the observations made of washing 
supplies available before eating were adequate (soap and water were provided and, less 
commonly, paper towels were available). We found that when adequate supplies existed, 
they were used to wash hands only 35% of the time before eating and only 13% of the 
time before drinking. Therefore, the provision of supplies is not the only, or perhaps even 
the most important, barrier to hand washing, and other farmworker-based factors should 
be considered.  
The finding that 33% of the washing behavior observations showed that there 
were no supplies available for the individual to comply needs attention. It would be 
difficult for a worker to consider washing to be part of the routine and easy to implement 
if supplies are unavailable one third of the time. This finding points to a need for growers 
to be vigilant about the consistent provision of washing supplies.  
Water for washing was usually provided in water tanks next to portable toilets. 
Typically one worker was assigned the work task of bringing soap and in some cases 
disposable towels, placing those next to the toilet and then moving them each time the 
toilet was moved. On only one occasion was a grower observed changing the water, and 





stagnant water. The U.S. Department of Labor has field sanitation standards that mandate 
both the provision of single-use towels and that hand-washing facilities be maintained in 
a clean and sanitary condition (Occupational Safety and Health Administration, 2011). 
Those specific to the State of North Carolina cite the need for a potable water tank and 
appropriate cleansers (North Carolina Department of Labor, 2005). While the sample of 
farms was not of adequate size to draw generalizable conclusions, it was found in this 
study that the two smaller farms (with an average of 6 workers) were able to consistently 
provide soap and water across the entirety of the work day for their workers. The larger 
farm (with 60 workers) had greater variability in the availability of supplies throughout 
the workday, an observation perhaps related to the fact that on this farm workers and 
supplies were transported between fields. Furthermore, the use rate of supplies was 
different across the three farms and did not correspond directly to the availability of 
supplies, as had been previously found (Ciesielski et al., 1994).  
An encouraging finding was that farmworkers used several protective behaviors 
that are not mandated to be taught by the WPS and that are likely ideas from their own 
experience and informal peer training. Gloves have been shown to be effective in 
minimizing exposures (Hernandez-Valero et al., 2001; Salvatore et al., 2008). Gloves 
were used, albeit inconsistently over the course of the day and by work task and farm. 
One farm had no glove utilization by workers and a second had glove utilization by less 
than half of its workers; however, this finding could be related to temporal differences in 
observations and workers’ perceptions that the work tasks observed at the first two farms 
(weeding and topping/suckering, respectively) are less dangerous than work tasks that 





beneficial at any point in the process in which one is likely to come in contact with 
tobacco that has been treated with pesticides. Glove use by workers may lead to a false 
sense of safety and the feeling that one does not need to hand wash after removing gloves 
because the gloves protect him/her, but the video used for training on two of the farms 
(which trains to the level of the pesticide handler) demonstrates the proper technique for 
removing gloves and then washing hands (Michigan State University Extension, 1994).  
The use of water-resistant outerwear was added to observation and field notes 
when we saw its widespread use. The use of outerwear to keep clothes from becoming 
wet and thus less permeable was promising in terms of reducing exposures. Farmworkers 
used trash bags with belts or raincoats to minimize exposure to liquids. The efficacy of 
homemade and repurposed water-resistant outerwear in minimizing exposures deserves 
further exploration. Finally, almost all workers wore a hat. The use of wide-brimmed hats 
minimizes sun exposure and the risk for skin cancer (National Institute for Occupational 
Safety and Health, 2014); however, as described above, only 15% of the hats used were 
wide-brimmed hats. More investigation into the rationale for using baseball caps should 
be made. Because farmworkers often placed tobacco leaves on their heads to carry them 
to tractors during harvest, hats may protect against exposure in this way as well.  
In addition to working on farms motivated toward safety by virtue of having 
elected to participate in the Certified Safe Farm intervention (East Carolina University, 
2012), the majority (90%) of the farmworkers were in the United States on a work visa 
(e.g., H2A). They were also not naive with regard to farm work. On average, they had 
worked in the United States for six seasons and outside of the United States for 12. It has 





work and live in camps with better sanitation conditions, including access to more 
washing facilities (Whalley et al., 2009). Farmworkers also reported high levels of 
training compared to farmworkers described in prior literature. Despite the fact that most 
training was done by video alone, 97% reported receiving pesticide safety training, with 
80% indicating that the training was provided as recently as the current season. A prior 
report of pesticide safety training for farmworkers in North Carolina (N = 287) stated that 
80% had training in current the season but the other 20% reported never receiving 
training at all (Arcury et al., 2009).  
A video method alone may be insufficient for training workers. It is also possible 
that videos underemphasize the protective value of hand and face washing. Prior reported 
concerns about video training include lack of time for questions, the ability for trainees to 
look away and not engage with the video, and not meeting the needs of non-Spanish 
speakers (Larson, 2000). We found a high level of training but there was nevertheless a 
failure to implement PPBs, especially washing behaviors. Two-thirds of farms used a 
video training method and one used a presentation/discussion format. A larger number of 
farms should be studied as well to account for differences in training.  
The participants had significant prior agricultural experience. A prior study 
reported that use of protective clothing (gloves, socks, and hats) was lowest for 
farmworkers working in agriculture for more than 10 years (Levesque et al., 2012b). 
Utilizing peer leaders with only moderate agricultural experience as trainers in 
discussions and practice sessions could be beneficial.  
The use of an observational method was very valuable. It enabled the observation 





the day, and served as a valuable comparison to self-reported behaviors. Because 
behaviors such as the wearing of water-resistant outerwear, the changing of shoes, and 
even the changing of hats, as well as the availability of supplies, varied over the course of 
the day, observations of the entire workday were valuable. Nevertheless, out of 1,442 
possible observation data points, approximately 350 (24%) were missing because of 
inability to view the worker, either because he/she left the field, or more commonly, 
because he/she was too far away in the field to be observed. Choosing a position as close 
to the field as possible that enabled view of the washing facilities was key, but to have 
followed workers through the field the other 24% of the time would have required the 
primary investigator to travel with the workers on tractors through the field, and would 
have changed the nature of the observations. Acknowledging that some data will be 
missing with this form of inquiry is essential.  
The limitations of this study include its small sample size, particularly of farms, 
and a bias toward workers on farms motivated toward safety, having recruited 
farmworkers from farms that participated in the CSF intervention (East Carolina 
University, 2012). Furthermore, only one crop in one geographic region in the state was 
explored. Finally, the study took place on farms sequentially over the course of the 
growing season, with more data collected during harvest than any other point in the 
season. As mentioned above, farmworkers could not be observed in every possible time 
point. 
No known studies to date have reported using an observational method to 
ascertain which PPBs are practiced by Latino migrant and seasonal farmworkers, or 





observational method as well as a comparison with self-report data gives insight into 
what may have been overreported in previous studies (Arcury et al., 1999; Ciesielski et 
al., 1994; Hernandez-Valero et al., 2001; Levesque et al., 2012a, 2012b; Salvatore et al., 
2008). Extensive field notes further contextualized findings, such as understanding what 
type of shoes were worn by farmworkers, the availability of washing supplies, and the 
frequency of nonmandated behaviors also believed to be protective.  
Study findings resonate with previous studies of self-reported PPBs among Latino 
migrant and seasonal farmworkers in North Carolina that have found that, even when 
trained, workers do not report practicing all of the behaviors that they learned to protect 
themselves (Arcury et al., 1999; Cabrera & Leckie, 2009). While consistently high use of 
long pants and closed shoes was found across both observational and self-reported 
methods of inquiry, other PPBs were implemented less often than would be desired for 
farmworker protection. Use of long sleeves, socks, and protective shoes in particular 
could be reinforced in the field after pesticide safety training, as they were not used by all 
workers all of the time, despite self-reports to the contrary. Gloves, while not mandated, 
are also considered an effective protective behavior and should be encouraged. An 
investigation into the efficacy of repurposed or homemade water-resistant outerwear for 
minimizing pesticide exposure should be made. Washing behaviors in the field are the 
most concerning of farmworker PPBs; while those behaviors are reported at a high level, 
observations indicated very little hand-washing behavior and no washing of the face 
before eating or drinking. The importance of these behaviors needs to be stressed during 
the initial pesticide safety training and reinforced over the course of the season. The 





standards established by the North Carolina Department of Labor (North Carolina 
Department of Labor, 2005).  
In summary, this study contributes to understanding PPBs actually practiced by 
Latino migrant and seasonal farmworkers. While protective clothing was implemented at 
a high rate, protective washing behaviors were underutilized. The findings suggest that 
targeted education and novel interventions focused on the utilization and then removal of 
gloves, and on washing of hands and face before eating and drinking in the field, may be 
avenues to further reduce pesticide exposure and minimize health risks for farmworkers. 
Hats, water-resistant outerwear, and bandanas are widely used in the field, and their 
efficacy in minimizing pesticide exposure should be evaluated. Finally, enforcement of 
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TOBACCO GROWER AND FARMWORKER PERCEPTIONS 
 







Farmworkers can employ pesticide protective behaviors (PPBs) to minimize 
exposures to pesticides. Federal regulations exist to mandate that farmworkers be trained 
to utilize several PPBs, but self-reported adherence in prior studies was low. The Health 
Belief Model was used to guide the development of a set of targeted interview questions 
to explore the perceptions of both Latino farmworkers (n = 72) and tobacco growers (n = 
3) in North Carolina regarding the benefits of, facilitators of, barriers to, and strategies to 
minimize barriers to PPBs. During interviews, farmworkers often reported concern about 
the effects of nicotine poisoning (green tobacco sickness), highlighting that protective 
behaviors that can minimize exposures to both nicotine and pesticides might be valuable 
to emphasize for this group. Wetness in the field was the most significant barrier 
identified, and farmworkers suggested mitigation through the use of water-resistant 
outerwear and bandanas, and packing a change of clothes for mid-day, with space and 
time to change provided. Examination of the efficacy and feasibility of those suggestions 






facilitating protective behavior, so presentations and discussions led by peer trainers with 
moderate agricultural experience may be a way to tailor information beyond the scope of 




Migrant and seasonal farmworkers perceive little control over their occupational 
safety, including pesticide exposure (Arcury, Marin, Snively, Hernandez-Pelletier, & 
Quandt, 2009); however, with training and provision of supplies, there are several 
pesticide protective behaviors (PPBs) that farmworkers can employ to minimize 
exposures (Arcury, Quandt, Rao, & Doran, 2005; Curwin, Hein, Sanderson, Nishioka, & 
Buhler, 2003; Hernandez-Valero, Bondy, Spitz, & Zahm, 2001; Quandt et al., 2006; 
Salvatore et al., 2008). The Worker Protection Standard (WPS) published in 1992 by the 
Environmental Protection Agency (EPA) provides standards for PPBs and mandates that 
these behaviors be taught to farmworkers within 5 days of beginning work in a field and 
every 5 years thereafter.  
Several studies of self-reported protective behaviors found that farmworkers 
report low adherence (Arcury, Quandt, Austin, Preisser, & Cabrera, 1999; Levesque, 
Arif, & Shen, 2012). Epidemiologic studies conducted do not provide a clear picture of 
the reasons that farmworkers do or do not engage in protective behaviors (Levesque et 
al., 2012). Cited barriers to the use of PPBs have centered on pesticide training, including 
the language it’s offered in and uniformity of training (Austin et al., 2001; Cabrera & 
Leckie, 2009). Training that includes rationale for carrying out PPBs has been shown to 





Personal factors such as time and comfort have also been reported as barriers to 
PPBs (Cabrera & Leckie, 2009; Levesque et al., 2012), which is significant because time 
can mean money when workers are paid at a piece rate, and discomfort can be a symptom 
of heat distress and dehydration. Also cited have been underestimated exposure risk 
(Elmore & Arcury, 2001) and employer failure to provide pesticide protective equipment 
(PPE) or other supplies (Austin et al., 2001; Elmore & Arcury, 2001; Strong, Thompson, 
Koepsell, & Meischke, 2008). A statistically significant relationship was found between 
perceiving organizational barriers and wearing fewer pesticide protective items at work 
and doing fewer protective practices at home (Strong et al., 2008).  
One study reported that farmworkers’ motivation to engage in protective 
behaviors directly corresponded to the availability of the supplies needed to conduct the 
behaviors, and the same percentage of farmworkers who reported hand washing before 
eating (42%) reported the availability of hand washing water (Ciesielski, Loomis, Mims, 
& Auer, 1994). A lack of separate water for washing and drinking and inadequate 
availability of soap and towels have been cited as barriers to washing behaviors in other 
research (Arcury, Quandt, Cravey, Elmore, & Russell, 2001). While researchers in a 
recent survey reported that if the bosses provided gloves and other PPE farmworkers 
would use the PPE to protect themselves against the harmful effects of pesticides, 
farmworkers feared job loss for asking for protective equipment (Levesque et al., 2012). 
Farmworkers believe that their exposures are largely controlled by growers and that 
complaints might fall on deaf ears (Austin et al., 2001).  
Two studies have examined the perceptions of both farmworkers and growers and 





perceiving less risk to farmworkers than farmworkers perceive for themselves (Quandt, 
Arcury, Austin, & Saavedra, 1998; Rao, Arcury, Quandt, & Doran, 2004). Perceived 
benefits of protection against pesticides and other farm chemicals have also been 
explored. Farmworkers report believing that protecting oneself from farm chemicals 
leads to a healthier life, that it is important to protect children from farm chemicals, and 
that protective clothing is effective against chemical exposure (Strong et al., 2008).  
An understanding is needed of the perceptions of both growers and farmworkers 
about what could improve the PPBs of farmworkers. This study was focused on 
understanding factors that can modify farmworkers’ behaviors and on answering the 
following questions: What benefits, facilitators, barriers, and strategies to counter barriers 
do Latino migrant and seasonal farmworkers identify as impacting the pesticide 
protective behaviors they practice? What benefits, facilitators, barriers, and strategies to 
counter barriers do growers identify as impacting the pesticide protective behaviors of 
farmworkers and themselves?  
Components of the Health Belief Model (HBM) guided this research (Rosenstoch, 
1974). At its core, the HBM focuses on adherence to preventive health behaviors. It 
posits that a person’s likelihood of taking a preventive action, in this case engaging in 
PPBs, is modified by a host of factors. Ultimately, farmworkers and growers engage in a 
mental process of assessing perceived benefits of the PPBs as well as perceived barriers 
to carrying out the PPBs, in the course of deciding about behaviors. The HBM has 
previously been utilized in understanding farmworker pesticide safety, but with a focus 










One of the three largest counties for tobacco production in North Carolina was 
chosen as the location for recruitment of participants. Tobacco growers were chosen 
based on access. Seven growers in this county had previously participated in a safety 
intervention called Certified Safe Farms (CSF) (East Carolina University, 2012) to reduce 
agricultural injuries. Three out of the seven growers who were approached agreed to 
participate (43%). Inclusion criteria for growers consisted of the following: age 18 years 
or older and the ability to speak English. Seventy-two farmworkers were recruited from 
these three farms. Inclusion criteria were being age 18 years or older, having the ability to 
speak Spanish or English, and self-identifying as being of Hispanic/Latino ethnicity. All 
data were collected between May and October 2014. Institutional review board approval 
to conduct the study was granted and the requirement of written consent for participating 
farmworkers was waived because it was the only source linking the farmworkers’ names 
to data. Each participant was given a study identification number, which was different 




A qualitative approach was selected to examine PPB benefits, barriers, 
facilitators, and strategies to mitigate barriers. Data were collected through targeted 
interviews of tobacco growers and Latino farmworkers. All grower interviews were 
conducted in English by the primary investigator after the farmworkers on their farms 





each of the growers during the normal workday. Interviews ranged in length from 19 to 
27 minutes, and all were audio recorded. All but three of the farmworker interviews were 
conducted in the presence of the primary investigator by a native Spanish speaker whose 
parents were farmworkers and who grew up close to the farms in the study; three 
interviews were conducted by the primary investigator (in Spanish) when the interviewer 
was unavailable. The farmworker interviews were conducted just outside of the homes of 
the workers (either grower-supplied or farmworker-rented mobile homes) and, in the case 
of 4 workers, at the farm at their request.  
All interviews were conducted on nonwork time (usually weekend evenings), 
ranged in length from 18 to 65 minutes, and were audio recorded. Two independent 
Spanish translations of the farmworker targeted interviews were made and the versions 
were compared. The instruments were piloted with 2 farmworkers not participating in the 
study; they were asked which questions, if any, caused confusion, so questions could be 
refined prior to the study. For participation in the study, farmworkers were given a $25 
Walmart gift card and growers were given a $100 Tractor Supply Company gift card. 




Demographic questions were asked of both growers and farmworkers. The 
investigators developed an interview guide to assess perceptions of PPB benefits, 
barriers, facilitators, and strategies to minimize barriers. To ensure a specific response to 
each of the behaviors mandated by the WPS, those behaviors were described and 





targeted interview questions for growers (25) and farmworkers (16) included items 
related to perceived benefits (e.g., What are the benefits of pesticide protective 
behaviors?), barriers (e.g., What gets in the way of you doing pesticide protective 
behaviors?), facilitators (e.g., Which pesticide protective behaviors are easy to do? 
Why?), and strategies to minimize barriers (e.g., If you could suggest anything to 
minimize pesticide exposures what would it be? What strategies could make behaviors 
that are hard to do easier?). While specific questions were the focus of analysis for each 
of these themes, sometimes relevant comments emerged in the context of other questions 




Demographic data were collected and managed using REDCap electronic data 
capture tools (Harris et al., 2009); the REDCap database is password protected. Data 
were entered by the primary investigator, and 10% of the data entered were checked for 
quality assurance and found to be 100% correct. Data were then analyzed in SPSS v22 
(IBM Corporation, 2013). Descriptive statistics, including frequencies, were run for all of 
the demographic variables.  
The primary investigator transcribed the grower interviews. The farmworker 
interviews were transcribed and translated by the interviewer, who was hired and trained 
as a member of the study team; she was a native Spanish speaker from Mexico whose 
parents were agricultural workers. The selection of this team member to do translation 
and transcription was purposeful, as the literature suggests that a translator’s natal 





to validity (Esposito, 2001). The interviewer understood the research epistemology and 
methodology, and the fact that her own social position and lived experience influenced 
her interpretation of the data (Wong & Poon, 2010). For quality assurance, an 
independent contractor transcription and translation service was used for seven of the 
transcripts (10% of the data), which were selected at random, so that differences could be 
explored. The majority of differences in translation were minor and involved the use of 
slang and dialectical language. 
The primary investigator content analyzed the interviews for factors that were 
perceived as benefits, barriers, facilitators, and strategies to minimize barriers to PPBs 
(Saldana, 2009). A priori codes were factors that the investigators expected to emerge as 
responses (e.g., “time” and “discomfort” for barriers to PPBs) as a result of prior field 
work and/or familiarity with existing literature. Emergent codes were those that arose 
throughout the analyses (e.g., “for the children” as a benefit of PPBs or “training” as a 
facilitator of PPBs). Coding was done using ATLAS.ti software (Scientific Software 
Development, 2012).  
While the primary investigator coded, she listened to each audiotape again for 
context and as a form of quality checking. When there were discrepancies between the 
audio recording and the transcript, the audio-recorded version was used. Seven of the 
transcripts (10% of the data) were then selected using a random number generator for the 
primary investigator and a second coder to code independently. The primary 
investigator/coder had extensive knowledge of the study and its participants, and the 
second coder had none. For every response for which the two coders did not agree in 





review (Patton, 2002). The interrater reliability was 68.4% for the initial coding process 
and 100% after negotiation. The primary investigator undertook a secondary review and 
coding of the data after the negotiation of codes. Many codes were found in more than 
one family and some overarching codes captured concepts that crossed several families 






The 3 growers were White males 51 years of age on average (range 43–59) who 
had completed high school or some college (100%). The 72 farmworkers were 
predominantly male (96%), were from Mexico (97%), and had an average age of 33 years 
(range 18–68). The majority (90%) were in the United States on a work contract and had 
completed no more than a middle-school education (89%). Additional demographic 
information for both groups, including living accommodations and years in agriculture, 
can be found in Table 3.1.  
 
Pesticide Protective Behavior 
 
There were two open-ended questions for farmworkers about what behaviors are 
protective and what they do to protect themselves. Clothing behaviors were mentioned by 
farmworkers six times more often than washing behaviors in the first question and twice 
as often in the second question. Likewise, growers were asked how they protected 
themselves and how farmworkers protected themselves from pesticides. Growers never 
cited washing behaviors in reply to the question about their own behaviors and cited 






















    
Age 
 
50.7 (8.0)  32.8 
(11.5) 
 
Gender     
Male  3 (100%)  69 (96%) 
Female  0  3 (4%) 
Marital Status     
Married  2 (67%)  36 (50%) 
Civil union  0  20 (28%) 
Not married 
 
 1 (33%)  16 (22%) 
Ethnicity: Latino   0  72 (100%) 
Home Country     
Mexico  NA  70 (97%) 
Honduras 
U.S.A. 




Agricultural Experience     
Seasons lived in the United States NA  6.5 (5.6)  
Years worked in agriculture outside of 
United States. 
NA  12.3 
(10.3) 
 
Years worked in agriculture in the United 
States 
41 (8.5)  6.4 (5.62)  
Years worked in tobacco 41 (8.5)  7.0 (5.6)  
Worker Status     
Traveled to another farm for agricultural 
work in last 12 months  
    
 Yes   NA  7 (10%) 
 No  NA  65 (90%) 
Live on the farm where you work     
 Yes   2 (67%)  69 (96%) 
 No  1 (33%)  3 (4%) 


















Yes  NA  65 (90%) 
No  NA  7 (10%) 
     
Highest Level of Education Completed     
Less than middle school  0  26 (36%) 
Middle school  0  38 (53%) 
Some higher education or beyond  3 (100%)  8 (11%) 
     
English Proficiency     
     
Skill in reading English     
None or very little  NA  66 (92%) 
Some  NA  6 (8%) 
     
Skill in writing English     
None or very little  NA  69 (96%) 
Some  NA  3 (4%) 
     
Pesticide Training     
     
Type of training     
None  0  2 (3%) 
Video  3 (100%)  68 (94%) 
Presentation/discussion  3 (100%)  6 (8%) 
Practice session  2 (67%)  7 (10%) 
     
Year of last pesticide safety training     
Never  0  2 (3%) 
2012 or 2013  1 (33%)  12 (17%) 
2014  2 (67%)  58 (80%) 
     
 
 
Benefits of Pesticide Protective Behaviors 
 
When farmworkers were asked about the benefits of pesticide protective 
behaviors, the most commonly cited response was not getting sick (n =24, 33%) or,  
framed positively, staying healthy (n = 8, 11%). Several farmworkers talked about not 
getting cancer (n = 3); not getting poisoned/ intoxicated (both words were used) from 





itch us, you know how the liquid itches . . . ” (P10). Also mentioned were not getting 
dizzy (n = 4); not getting infections (n = 2); e.g., “It protects all the infections, 
intoxications that the liquids can provoke” (P40); and not having trouble sleeping (n = 2); 
e.g., “. . . being able to sleep, the pesticides will not affect you by using that” (P56). 
The second most cited benefit was protection (n = 22, 31%); e.g., “The more you 
cover yourself, the less risk you run of getting sick because one has more protection” 
(Participant [P]76). Specifically, farmworkers wanted to protect children (n = 8, 11%); 
e.g., “I will not get sick, and if there are kids, they won’t get sick” (P23). 
Protecting against the effects of tobacco (n = 2) was also described as a benefit of 
protective behaviors, and across responses to other questions. Farmworkers perceived 
PPBs as a way to prevent green tobacco sickness (GTS), a form of nicotine poisoning that 
occurs by dermal absorption of nicotine from tobacco leaves when the plants are wet. 
GTS is also called “the green monster” by this group. One farmworker explained: “It 
[PPB] covers many things. If you enter without a poncho, the water from the tobacco can 
get you ill” (P34).  
Finally, avoidance of pesticides was described as a benefit of PPBs. PPBs 
included all of the WPS-mandated behaviors, including staying out of restricted areas and 
areas “the boss tells one not to enter.” Avoidance of pesticides (n = 18, 25%) usually 
centered on staying out of restricted areas: “We already know that when they apply the 
pesticides somewhere, we do not get close” (P17). Several other benefits were reported, 
including making the pesticides impenetrable (n = 3), feeling better (n = 2), and not 
missing work (n = 1).  





themselves or for farmworkers. They most commonly cited avoidance of pesticides as a 
benefit of PPBs (n = 2, 66%) and talked about the effectiveness of PPBs in decreasing 
exposures. They also cited health (n = 1), safety (n = 1), not getting skin problems (n = 
1), protection (n = 1), and protecting the immune and blood systems (n = 1): “[PPB] 
limits the exposure, so they [farmworkers] have no buildup in their immune system, 
blood system, whatever” (P69). 
 
Facilitators of Pesticide Protective Behavior 
 
Farmworkers were asked which PPBs were easy to do and why they were easy to 
do, so as to understand what facilitates PPBs for them. Facilitators were also mentioned 
in response to other questions, and the most common facilitator that emerged across 
questions was training (n = 19, 26%). The video method was discussed in particular: “I 
don’t know much, but the five years, five seasons that I have come I have learned from 
the videos they play for us” (P101).  
Farmworkers also reported the belief that the protective behaviors were effective 
(n = 16, 22%) and the exemplar in Table 3.2 is one in which that belief was gained from 
personal experience. In addition to believing that WPS-mandated behaviors are effective 
in minimizing pesticide exposures, they mentioned other nonmandated behaviors that 
they used (gloves, ponchos, rubber boots during harvest, bandanas, mouth coverings, and 
hats). When asked what facilitates their PPB, farmworkers said, “Gloves because they 
protect us more, the poncho because it protects us from the morning dew, and the rubber 
boots because it protects our feet” (P59).  















Training 19 (26%) “We watch videos and we have to go by those rules, protect 
ourselves, and the boss tells us to protect ourselves from the 
pesticides. He showed us so we can know the rules and 
protect.” (P11) 
 





























“Use long sleeve, gloves, boots, plastic, long pants, and a nylon 
apron that we have. It is easier because the one time that I 
worked without it, I was sick in the afternoon.” (P51) 
 
“It is easy because I feel it is easy; it is an everyday thing.” (P47) 
 
 
“And all those precautions, we have brought them from Mexico, 
from the same job, agriculture. You have almost your whole 
life working in it. It would be very illogical not knowing 
what you need in order to protect yourself; it’s very 
dangerous.” (P13) 
 
“Because one has it on hand and if one is concerned about work, 




about their own agricultural experience and watching others in the field as facilitating 
their behaviors (n = 12, 17%); for example, one farmworker stated, “I have years working 
and I look at the people. . . . The more we observe, the better ideas we have for 
ourselves” (P5).  
Finally, having what was needed to do the behaviors is what made them easy (n = 
12, 17%): “Our boss provides latex or cotton gloves, mouth covering, and glasses. It 
would be my mistake not putting the gloves, mouth covering, or glasses on” (P13). Also 
cited as facilitators were obeying orders (n = 9), making PPBs habitual (n = 6), making 





mechanization that makes things safer than they used to be (n = 3). Of interest was the 
farmworkers’ perception that agriculture is safer than it used to be, and that training was 
more extensive in the United States than in Mexico because tobacco production is more 
dangerous here (n = 1): “They don’t give us training over there [Mexico]. The tobacco 
does no harm over there; here, yes. Every time we come they play it [the video] for us” 
(P88). 
Likewise, growers cited training (n = 3, 100%) and provision of supplies (n = 2, 
66%) as reasons why PPBs are easy for farmworkers. They were clear that they trained 
their workers to understand PPBs and that they provided supplies, as described by P48: “I 
teach ‘em what and what not to do with pesticides.” Growers also mentioned obeying 
orders (n = 2), reading labels (n = 1), and the work environment being safer than it used 
to be (n = 1) as facilitators of PPBs. Participant 69 recounted the change in agriculture 
since his youth: “Like when I was a child and I didn’t know any better, and I was out 
there in no shirt and short pants and barefooted and spraying without a cab, and a lot of 
times we use a hooded sprayer so the wind, you don’t get any drift. We didn’t have any 
of that when I was growing up. It was kind of like the Wild West; you just got out there 
and went at it.” They also mentioned that what facilitated their own PPBs were having 
what they needed on hand (n = 2), doing the behaviors anyway (n = 1), the behaviors 
being part of a routine (n = 1), and the behaviors requiring no effort (n = 1).  
 
Barriers to Pesticide Protective Behavior 
 
When asked directly, “What gets in your way of doing PPBs?” the vast majority 





named barriers, and several more barriers arose in response to questions about which 
PPBs were hard to do or what made behaviors in the week unusual (see Table 3.3). 
Wetness in the field was the most commonly cited barrier to PPBs (n = 26, 37%). 
Wetness was described as coming from rain, morning dew, the tobacco itself, and sweat. 
Farmworkers understood that water touching their bodies after touching tobacco could 
make them sick: “The water from the tobacco can get you ill” (P34). Another farmworker 
explained, “When the morning dew falls onto my lips, I feel my tongue numbing, but 
nothing else” (P73). 
Workers also reported concern that sweating could increase their likelihood for 
pesticide poisoning; P18 said, “When one starts to sweat, the pores open and the anxiety 
begins. If you are not careful to bathe or wash your hands before eating something, since 
you have your pores open, you get dizzy or vomiting because as a worker, you have your 

































“At 12 lunch, we come, we change our socks because sometimes the sweat, all 
of that, or if something like a liquid fall from above, it bothers our feet, so we 
change our socks and we feel like that protects us.” (P5) 
 
“I do not put on a mouth covering because the heat is unbearable being there, 
so one feels like they are suffocating.” (P1) 
 
“Sometimes laziness, because it is nothing one cannot do.” (P76) 
 







sleeved, water-resistant outerwear (which is not WPS-mandated but minimizes exposure 
to wetness): “When I put that on I sweat more, and if I use that I am going to sweat even 
more. That is why I don’t use the long-sleeve one” (P59).  
Protective clothing that had become wet externally or internally from sweating 
was understood to be less effective. One farmworker stated, “The shirt starts getting wet 
and that’s how one starts having contact with the pesticide” (P98). Many farmworkers 
cited efforts to change clothing throughout the day; however, keeping up with the 
changes of clothes was described as a challenge: “The hardest is that we have to wash our 
clothes every day, and sometimes in the morning one has to change at mid-day because in 
the morning one gets wet and then we get full of dirt and we have to change again” (P8).  
Heat was a major reason (n = 24, 33%) not to use all protective clothing that was 
possible, whether or not it was WPS-mandated. One farmworker reported, “When the 
tobacco has a lot of water, one puts on the nylon. Once the sun is heating up, we take it 
off because we cannot bear it” (P8). Another worker described lifting his protective 
glasses because of the heat: “Sometimes when the sun is really strong, a lot of the times, 
the glass of the glasses heats up our vision and a lot of the times you pull them up a little, 
but it is important to have the glasses on in case the wind brings a pesticide back and it 
can land in your eyes” (P13).   
Laziness was the most commonly cited barrier (n = 7, 10%) that could be 
individually controlled. It was usually cited in combination with a call to action to others 
or a reminder to oneself of the importance of PPBs: “Just sometimes laziness [gets in my 
way of PPBs], but for one’s well-being we have to use it” (P95). Other barriers cited by 





2), tiredness (n = 2), not paying attention (n = 2), and not having the protective clothing 
(n = 2).  
Growers cited heat (n = 2, 66%) and time (n = 2, 66%) as the major barriers to 
PPBs for their workers. Their comments about heat mirrored those of the farmworkers: 
“I’m just telling you they don’t like to wear those heavy gloves. They are just too hot” 
(P68). They reported concerns that feeling rushed or being in a hurry were barriers to 
farmworkers doing protective behaviors, e.g., “…the time frame, them getting in a hurry” 
(P69). When asked about their own barriers to PPBs they, like the farmworkers, cited 
heat (n = 1, 33%): “The long sleeves are hard, yeah. Especially when it’s hot. Now my 
workers don’t mind long sleeves, but I can’t do it. See?” [Grower points to his own short-
sleeved shirt] (P69). Just as growers were concerned that time was a barrier for 
farmworkers, one grower (33%) expressed that time was a barrier for himself, and 
provided the following scenario: “If you were trying to get your own self in a hurry [then 
you might] check strainers and nozzles without gloves” (P48). Also mentioned were 
“nothing” (n = 1) and “having supplies on hand” (n = 1). 
 
Strategies to Mitigate Barriers to Pesticide Protective Behaviors 
 
Perhaps most importantly, the investigators sought to have the study participants 
suggest some strategies to overcome the barriers to PPBs they identified. Two questions 
were asked directly about strategies, and suggestions also emerged throughout the 
interviews. While the majority of farmworkers (n = 46, 64%) responded that either there 
were no strategies they could suggest or they did not know what to suggest, many 







Farmworker Strategies to Overcome Barriers to PPBs: 







Provide supplies 12 (17%) “Give us mouth coverings and ponchos; in case one rips, we can 
change.” (P58) 
 





















“I have an apron, rubber gloves in store and when one needs 
them, they warn us. We take a bag with clothes, with the gloves 
and everything one needs in a bag, and there is always a 
bathroom close by to wash our hands. So one washes and uses 
what one brought.” (P25) 
 
“Change at noon. I change my shirt and undershirt, and put clean 
gloves on, shoes.” (P57) 
 
“When they’re spraying and pouring liquid, we try to tell one 
another, ‘Not in that field.’ One takes care of another.” (P94) 
 
 
farmworkers was to have the supplies on hand/ provided (n = 12, 17%), stated as to “have 
at hand what one needs” (P40); that they be grower-supplied, expressed as to “get them 
[the growers] to buy them, if one protects oneself” (P43); or that farmworkers take their 
own supplies into the field, described as “tak[ing] the necessary equipment, everything of 
rubber and everything necessary to do those jobs” (P66).  
Also mentioned by farmworkers as a strategy to mitigate PPB barriers was 
preparing a bag with a change of clothes and supplies to help with both wetness from 
early morning dew and sweating from heat (n = 7, 10%). An equal number of participants 
suggested changing one’s clothes during the day (n = 7, 10%). One respondent said, “If 
one feels bad with the dirty clothes, change against an illness since there are some that 
get hives and are scratching and scratching all the time. Take a change of clothes to 





Though not mentioned frequently, a place to shower and/or change at lunch was 
also suggested by respondents (n = 2). One person mentioned that the time when 
changing the field one was working in (which usually required traveling by bus) was a 
good time to change clothes: “Change clothes, because when you change fields, you have 
more time to change your shirt or something” (P91).  
Finally, communication of warnings among workers (n = 6, 8%) was mentioned 
as a strategy: “Talk to people. Tell them they can’t harvest, or if it’s fruit, not touch it 
until they tell you. There is someone that gives orders of what can and cannot be 
touched” (P102).  
Other strategies that were suggested could not be linked to a specific barrier. 
Farmworkers suggested using medications or ointments (n = 8). These medications or 
ointments were used to counter the adverse effects of pesticides, such as skin rashes: “I 
put itch medication on every day” (P49). Also mentioned were using less or no pesticide 
(n = 5), using serum (n = 4), and using milk (n = 4). Serum was the word used to describe 
a powdered form of acetaminophen and electrolytes that was frequently observed in use 
in the field. One respondent explained: “You saw that we carry small packs of serum in 
order to withstand the temperatures, so we won’t dehydrate. With that, our temperature 
drops and so does the heat. We bring it from Mexico and we also use it over there. . . . 
Once you drink it, fifteen minutes pass and you are comfortable. It comes out being like a 
Gatorade. It is a powder that we put in our water. We cut the tobacco here with machines, 
but over there, it is with the hands, and if you don’t drink it, you’ll just be vomiting. We 
look for ways to help ourselves and move forward” (P18).  





described drinking milk to prevent effects of pesticides: “I drink milk. They say that milk 
helps to cut the intoxication that is what they say. I drink milk in the morning and in the 
afternoon as well. Also, at night when I can’t sleep, I drink a glass of milk” (P51). Less 
frequently mentioned were to use aluminum foil wrappers around food so it is not 
touched (n = 2), to invent new technologies to protect workers (n = 2), and to refuse to do 
things one does not want to do (n = 2). A couple of respondents stated that they did not 
feel authorized to make suggestions: “Well, no, I say that one cannot have an opinion on 
that or say what to do. One is not capable of that” (P8).  
Growers suggested that there be better design of protective equipment for comfort 
and to minimize heat. While sensitive to the objective of the manufacturer (as can be seen 
in the exemplar in Table 3.5), one grower, pointing to his eyeglasses, joked, “Maybe you 
have to get Oscar de la Rentis [sic] or Ralph Lauren to design the eyewear” (P68). This 
statement suggests that eyeglasses are designed with comfort in mind, while goggles and 
other PPE are not. Growers also remarked that they supplied more protective equipment 
than was used by farmworkers, made some general comments about using advanced 
mechanization as much as possible to minimize exposures, and suggested that reading 
labels consistently would help everyone take the correct precautions. It is worthwhile to 
note that at the time of publication, for agricultural products subject to the WPS, the EPA 
required that certain parts of the pesticide label include words or phrases in Spanish, but 
there was not a mandate for broader bilingual labeling. Petitions exist, however, for the 
EPA to require manufacturers to make pesticide product labels available in both English 
and Spanish, and public comment has been sought on this issue (United States 







Grower Strategies to Overcome Barriers to PPBs: 
















“Just better design I reckon. . . . I mean, I can see the 
difficulty in manufacturing to obtain their objective of 
zero pesticide going through their product getting through 
to the skin. I understand they can’t use cotton.” (P68) 
 




















“We try to watch the winds, try to use a drift nozzle. We are 
very careful when we handle ‘em.” (P69) 
 
“Follow the rules and regulations on the chemical labels and 






Utilizing a qualitative approach, we examined in their own words and descriptions 
farmworkers’ and growers’ perceived benefits of, facilitators of, barriers to, and strategies 
to mitigate barriers to pesticide protective behaviors. This approach provided a unique 
perspective on the myriad of factors that impact pesticide protective behaviors on tobacco 
farms, and yielded meaningful, actionable suggestions for training and interventions to 
increase pesticide protective behaviors among farmworkers.  
Farmworkers more frequently identified short- rather than long-term effects of 
nicotine poisoning and pesticide exposure, reported concern about and behaviors to 
minimize GTS and pesticide exposure, and reported several behaviors they had adopted 





WPS. The nonmandated behaviors farmworkers utilized—for example, water-resistant 
outerwear, hats, and bandanas—should be examined for efficacy in minimizing pesticide 
exposure. Previous studies have found that farmworkers are more familiar with short-
term effects of pesticides than long-term effects (Elmore & Arcury, 2001; Quandt et al., 
1998), and our results were consistent with those findings. Similarly, farmworkers cited 
the short-term benefits of PPBs in ways consistent with the literature (Strong et al., 
2008), such as minimizing pesticide poisoning/intoxication, skin problems, and dizziness. 
Farmworkers did not speak of longer-term risks, such as neuropathy, immune 
dysfunction, DNA damage, and mutations or Parkinson’s disease (Furlong et al., 2015; 
Glass, 2008; Roberts & Reigart, 2013). Cancer was mentioned, but no farmworkers 
reported truly understanding the connections that exist between pesticides and cancer 
(Alavanja et al., 2013; Weichenthal et al., 2010).  
The growers in the study did mention PPBs as protecting the bloodstreams and 
immune systems of the farmworkers, demonstrating some awareness of longer-term 
effects, in contrast to the findings of previous studies (Quandt et al., 1998). This finding 
could be the result of recruiting growers already motivated toward safety and health (as 
evidenced by their participation in a separate farm safety intervention), or growers more 
knowledgeable about risks of pesticide exposure because they had years of pesticide 
education that was targeted to increase knowledge about the adverse effects of pesticide 
exposure. Understanding of long-term risks in addition to short-term risks should be 
emphasized in training for both farmworkers and growers.  
Workers’ concerns about green tobacco sickness (GTS) were significant. GTS has 





overlap with PPBs. Use of protective behaviors minimizes nicotine exposure and enables 
farmworkers to continue work. This immediate reinforcement may help to crystalize 
protective behaviors into a strong habit. Other researchers have also found difficulty on 
the part of farmworkers in identifying which risks are the result of the chemicals used and 
which are from the plants themselves (Quandt et al., 1998), and this is not surprising in 
tobacco farming, where there are risks from the nicotine, heat, and pesticides. This 
concern for GTS could be leveraged in terms of encouraging protective behaviors that 
would minimize all three exposures.  
GTS is a type of nicotine poisoning that occurs when workers handle the plants, 
and is most likely to occur when clothing becomes wet from rain, dew, or perspiration. 
The symptoms of GTS are similar to pesticide poisoning and heat illness, and include 
nausea, vomiting, dizziness, headaches, insomnia, and lack of appetite (National Institute 
for Occupational Safety and Health [NIOSH], 2014). Wearing wet clothing is reported as 
a modifiable risk factor for GTS (NIOSH, 2014), and likely one of the reasons 
farmworkers are utilizing water-resistant outerwear in the field. In the Occupational 
Safety and Health Administration’s (OSHA) recommendations about GTS, water-
resistant clothing is noted to increase risk for heat illness, and they state that employers 
must provide additional opportunities for water, rest, and shade (OSHA, 2015). During 
field observations, the workers in this study utilized a trash bag over their clothes, a thin 
poncho, or a light-weight rain jacket, none of which has been specifically evaluated for 
minimizing exposures to pesticides or the likelihood of developing GTS. Those who 
wore water-resistant outerwear in this study had no additional opportunities for water, 





Both farmworkers and growers were much more likely to focus on protective 
clothing rather than washing behaviors when discussing PPBs. When asked about PPBs, 
both groups identified clothing behaviors before washing behaviors, and sometimes did 
not comment on washing behaviors at all. In the observational portion of this study, we 
found far greater adherence with clothing behaviors among farmworkers than with 
washing behaviors before eating and drinking in the field. Farmworkers as well as 
growers may undervalue the role of washing behaviors in minimizing exposure to 
pesticides (and to nicotine) in the field. Future research should examine beliefs and 
barriers related specifically to washing behaviors. PPB training should be reviewed to 
determine how hand-washing behaviors are presented and to explore ways to reinforce 
the importance of washing as a protective behavior to minimize exposure to pesticides 
(and nicotine) in the field.  
Based on previous studies, we expected availability of supplies (or lack thereof) 
(Austin et al., 2001; Elmore & Arcury, 2001; Strong et al., 2008), time (Cabrera & 
Leckie, 2009; Levesque et al., 2012), and comfort (Cabrera & Leckie, 2009; Elmore & 
Arcury, 2001; Levesque et al., 2012) to be the most commonly cited barriers to PPBs; 
pesticide educators have also described time and weather as barriers to PPBs (LePrevost, 
2014). Farmworkers never cited a lack of washing supplies as a barrier to their washing 
behaviors, even though the observational portion of this study demonstrated that washing 
supplies were unavailable in 33% of observations. Growers’ interview responses in this 
study did seem to resonate with the previously identified PPB barrier of comfort, and 
growers suggested that manufacturers redesign required PPE such as gloves and glasses 





and comfort, the most frequently described barrier to the use of PPBs by farmworkers in 
this study was wetness. Skin exposure is one of the three routes of exposure to pesticides 
for farmworkers (Mobed, Gold, & Schenker, 1992). The literature about GTS is clear that 
once clothing becomes wet with rainwater, dew, or sweat, it no longer provides adequate 
protection and may increase absorption risk (OSHA, 2015). The pesticide safety literature 
does not clearly state the same about pesticides, though it may be inferred.  
The literature about GTS suggests that workers take dry clothes to the field and 
change as soon as possible after they become wet and as often as needed throughout the 
day (National Institute for Occupational Safety and Health, 2006; OSHA, 2015). In this 
study, opportunities to change clothes were not specifically provided. To overcome the 
obstacle of lack of clothing-change breaks, farmworkers utilized techniques such as 
changing on the lunch break and changing in the bus between fields, packing those 
changes of clothes in backpacks left on the bus. There has yet been no research to 
specifically evaluate GTS or pesticide risk reduction based on length of skin contact with 
wet clothing and whether changing clothes mid-day significantly decreases these 
exposures.  
In the GTS education materials, farmworkers are encouraged to wait until fields 
dry (Simmons, Quandt, & Arcury, 2001), but getting into fields early (when they are full 
of dew) is also recommended to minimize heat illness. If light-weight, water-resistant 
outerwear could be proven to be efficacious against GTS and pesticide poisoning, policy 
recommendations could be made and guidance given as to whether farmworkers should 
acquire or growers should provide those supplies.  





neck; or open bottles without contaminating lids with dirty hands, especially when hand-
washing supplies were unavailable; some workers described being able to make these 
bandanas with fabric supplied by the growers. The efficacy of bandanas in minimizing 
GTS and pesticide exposure should be examined.  
Finally, hats are recommended for minimizing exposure to the sun, and 
permeable/breathable baseball caps were most often observed in use by the farmworkers 
participating in this study. Farmworkers also reported use of hats when asked about 
which PPBs they utilized. They were frequently observed carrying wet tobacco leaves on 
top of their heads to the bins used for collection of leaves during harvest. While it was 
encouraging to see some barrier between the leaves and some workers’ heads, the 
efficacy of cloth hats in minimizing exposures to both nicotine and pesticides also needs 
to be studied.  
According to the training video most often used at these farms (Michigan State 
University Extension, 1994), employers must provide soap, water, and towels to 
farmworkers in the field, and must also supply additional equipment for those who 
directly handle pesticides (a small subset of the workers in this study), including 
chemical-resistant gloves, goggles, wide-brimmed hard hats, respirators, chemical-
resistant coveralls, and boots. PPE made from polyvinyl chloride (PVC) or rubber are 
recommended. The video also indicates that long-sleeved shirts, pants, socks, and shoes 
should be worn; while not directly stated, these seem to be expected to be worker-
provided. Clarification about which protective equipment should be farmworker-supplied 
and which should be supplied by the grower is needed.  





and growers, and while problems with video training include lack of time for questions, 
the ability to look away and not engage with the video, and not meeting the needs of non-
Spanish speakers (Larson, 2000), many farmworkers (n = 28, 39%) reported having 
learned from the video training or referred to the videos as a source of information.  
Personal years of experience in agriculture was described as a facilitator of PPBs, 
and less-experienced workers reported looking to those with more experience for 
guidance; however, researchers in another study reported that farmworkers who reported 
working in agriculture 10 years or longer were less likely to use PPBs (hats, gloves, and 
socks;  Levesque et al., 2012). Discussions led by trainers who are moderately 
experienced in agricultural work might be an effective way of reinforcing what is shown 
in the videos. Very few farmworkers (n = 6, 8%) reported receiving pesticide training in 
the form of a presentation/discussion. A discussion led by a moderately experienced 
agricultural worker familiar with tobacco could help to tailor and target messages to this 
group, which experiences the threats of GTS and heat illness in addition to pesticide 
poisoning. The training discussion should focus on assisting farmworkers to understand 
short- vs. long-term risks posed by agricultural work.  
A moderately experienced peer in the field who receives additional pesticide 
education could ultimately be most useful, as prior studies have reported that 
farmworkers do not have anyone to ask about pesticides once they are working on farms 
(Levesque et al., 2012). These peer trainers could speak to the differences in safety 
practices between the United States and Mexico, and dispel some myths that emerged 
during this study, such as the idea that tobacco in the United States is innately more 





worked for multiple seasons in the United States cited improvements in the work 
environment over time, which is consistent with previous reports of the perceptions of 
growers (Quandt et al., 1998). Training that takes into account the prior experience of the 
workers in both the United States and Mexico, and that acknowledges safety 
advancements but highlights the continued need for individual protective behaviors and 
vigilance, would be helpful. Again, this kind of specific information could be shared in 
the form of a discussion led by moderately experienced workers who have agricultural 
experience in both countries.  
Farmworkers also described medications and ointments as being beneficial in 
minimizing exposures. This finding was concerning because they are not protective and 
at best treat symptoms that arise. The prophylactic use of anti-itch medication and 
“serum,” a combination of acetaminophen and electrolytes brought from Mexico, could 
actually be harmful if not properly utilized. Use of acetaminophen as a way to manage 
changes in core body temperature has been studied in athletes running in heat, and was 
shown to lower core body temperature but also increase heart rate compared to a control 
group (Burtscher et al., 2013). Increasing heart rate may be an unintended consequence of 
acetaminophen use for farmworkers. Also, use of acetaminophen in serum (whose exact 
dose is unknown) can increase risk for accidental overdose and liver damage if taken with 
other acetaminophen-containing products (National Institutes of Health, 2015). More 
study on serum, its components, and its effects is needed. Additionally, drinking milk 
prophylactically, which is mentioned in some of the GTS educational materials for 
farmworkers as well as something farmworkers do to try to feel better after exposure to 





pesticides and for routes of exposure other than ingestion. Consumption of milk (or ice 
cream) is recommended when one has ingested a corrosive poison in order to help dilute 
and neutralize it (Smith, 2012), but the use of milk prophylactically to neutralize ingested 
pesticides is understudied.  
This study was guided by the Health Belief Model (Rosenstoch, 1974), and 
questions were asked about perceived barriers to and facilitators of PPBs, as well as 
benefits of PPBs and strategies to mitigate barriers to PPBs. Questions were also asked 
about who influences the PPBs of farmworkers, although this was not one of the stated 
research aims of the study. The emergence of training as a facilitator of PPBs and the 
value of peer leaders in the field as influencers of PPBs suggest that cues to action such 
as advice from peers should be specifically studied in the future and that educational 
interventions incorporate these influential peers.  
The limitations of this study are its small sample size, single crop, and single 
geographic location. The use of a structured interview guide and trained interviewer 
limited deeper exploration of some emerging beliefs and practices. Despite those 
limitations, this study was novel in its exploration of the modifying factors influencing 
PPBs. While barriers to and benefits of protective behaviors have been explored with 
farmworkers previously, this was the first examination of facilitators of PPBs and 
elicitation from farmworkers and growers of strategies to improve PPBs. The 
farmworkers freely offered their perspectives on several protective behaviors that they 
had adopted. It was apparent that they were aware of short-term risks of both nicotine 
poisoning and pesticide exposure, and had adopted a variety of strategies, WPS-mandated 





important role in PPBs, however.  
Future research should focus on the efficacy of cloth hats, bandanas, and water-
resistant outerwear in minimizing exposure to pesticides, as well as examine the amount 
of time it takes for a farmworker to absorb nicotine or pesticides from wet clothing. 
Resulting data should be shared with policy makers, who may reconsider currently 
mandated PPBs and how and by whom protective clothing and supplies should be 
provided. Finally, educating moderately experienced farmworkers to become trainers 
could be an important way to get targeted information to tobacco farmworkers, increase 




Perceived PPB benefits, facilitators, barriers, and strategies to mitigate barriers 
were examined for both Latino farmworkers and tobacco growers with the goal of 
making recommendations for intervention and training that would enhance PPB 
adherence by farmworkers. In future efforts, long-term benefits of PPBs, as well as their 
effectiveness in minimizing short-term risks like GTS, should be emphasized. Use of 
protective washing behaviors was underreported, and presents an additional target for 
intervention and training. Wetness emerged as the most significant barrier to PPBs, and 
the efficacy and feasibility of strategies suggested to minimize that barrier, including 
water-resistant outerwear, bandanas, hats, and changing clothes at midday, should be 
explored prior to recommendations for further implementation. Experience was a major 
facilitator of protective clothing behavior, and as such, utilizing moderately experienced 





adherence. These strategies suggested by farmworkers and growers to mitigate barriers to 
PPBs offer additional avenues for evaluation and training enhancement that may improve 
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THE RELATIONSHIP BETWEEN PERCEIVED THREAT OF 
 







The purpose of this study was to assess the knowledge and concerns of 72 Latino 
farmworkers in North Carolina about the health effects of pesticides, including cancer. It 
also sought to explore relationships between those perceptions and pesticide protective 
behaviors (PPBs) observed in the field. Despite high perceived threat of illness and 
cancer, calculated Spearman correlations found no relationship between perceived threat 
or personal characteristics and the use of PPBs in the field. Utilizing stepwise multiple 
regression we found that years worked in agriculture in the United States was associated 
with less protective clothing behavior. Pesticide protective behaviors in the field may be 





Exposure to pesticides has been linked to deleterious health consequences for 





Saw, Shumway, & Ruckert, 2011; Villarejo, 2003; Villarejo & McCurdy, 2008). 
Farmworkers have developed an extensive body of lay knowledge, based on personal 
perceptions, about pesticides and pesticide exposure, including the potential health effects 
of pesticide exposure (Flocks, 2007). In addition, mandated training about pesticide 
safety includes information about the risks of long-term adverse health effects of 
pesticides (United States Environmental Protection Agency [U.S. EPA], 2006). Some of 
the consequences of chronic exposure to pesticides include delayed neuropathy (Roberts 
& Reigart, 2013), immune dysfunction, DNA damage and mutations (Glass, 2008), and 
increased risk for several types of cancer (Alavanja et al., 2013; Weichenthal et al., 
2010), and it is being explored as a possible cause of Parkinson’s disease (Furlong et al., 
2015; Roberts & Reigart, 2013).  
Data linking farm work and cancer appeared in the literature as early as 1982 
(Burmeister, Van Lier, & Isacson, 1982). While the workers in that study included farm 
owners and predominantly White workers, participants were 1.24 times more likely to be 
diagnosed with leukemia (chronic lymphatic and unspecified lymphatic) than a 
comparison group. In the Agricultural Health Study (AHS), a large prospective cohort 
study involving 90,000 pesticide applicators and their spouses in Iowa and North 
Carolina, associations were found between non-Hodgkin’s lymphoma (NHL) and 
leukemia and exposures to certain herbicides and insecticides (Alavanja et al., 2014; 
Alavanja, Hoppin, & Kamel, 2004). According to the North Carolina Cooperative 
Extension Service, which provides statewide recommendations for agricultural 
production, carbaryl (tradenamed Sevin XLR plus), whose carcinogenicity to humans is 





pendimethalin (tradenamed Prowl 3.3), which is possibly carcinogenic (IARC 
classification 2B; World Health Organization, 2015), are among the most commonly used 
in North Carolina tobacco production today (North Carolina Cooperative Extension 
Service, 2014). Carbaryl has been associated with cutaneous melanoma (Dennis, Lynch, 
Sandler, & Alavanja, 2010), and there is a possible association with NHL as well 
(Mahajan et al., 2007). Pendimethalin has been associated with cancer of the lung in 
particular (Alavanja, Dosemeci, et al., 2004), although the most recent study on 
pendimethalin from the AHS found that the increased risk was only among pesticide 
applicators in the highest exposure category (Hou et al., 2006).  
Several pesticide protective behaviors (PPBs), including glove use (Furlong et al., 
2015; Hernandez-Valero, Bondy, Spitz & Zahm, 2001; Quandt et al., 2006; Salvatore et 
al., 2008); hand-washing (Curwin, Hein, Sanderson, Nishioka, & Buhler, 2003; Furlong 
et al., 2015; Salvatore et al., 2008); long-sleeves (Hernandez-Valero et al., 2001); boots 
(Hernandez-Valero et al., 2001); two pair of long-pants (Hernandez-Valero et al., 2001); 
and the combination of wearing of long-sleeves, long pants, shoes, and a hat (Salvatore et 
al., 2008); are effective in decreasing pesticide exposure and thus reducing risk for 
illness. The WPS mandates that the following PPBs be  taught to farmworkers: washing 
hands before eating, smoking, or using the restroom; wearing protective clothing to 
minimize skin contact with residue at work (such as long-sleeved shirts, long pants, and 
work boots); showering and changing clothes immediately after work; and washing work 
clothes separately from other laundry. A few field-based studies of U.S. farmworkers 
have evaluated the effectiveness of protective clothing and hand washing with soap 





suggest effectiveness of those behaviors in reducing dermal pesticide exposures for 
farmworkers.  
Early surveys of Latino migrant and seasonal farmworkers found that they are 
more likely to identify acute effects of pesticide exposure (e.g., nausea, vomiting, 
headaches, dizziness, and skin diseases) than the chronic or long-term effects of chronic 
low-level exposure to pesticides (Elmore & Arcury, 2001; Quandt, Arcury, Austin, & 
Saavedra, 1998). Few farmworkers believe that adverse health effects resulting from 
pesticide exposure will last more than one day (Elmore & Arcury, 2001). Researchers 
also report that farmworkers believe that individual susceptibility, based on gender, age, 
and perceived vulnerability, determines sickness from pesticides (Elmore & Arcury, 
2001; Flocks, 2007; Quandt et al., 1998). Women, the old and young, and others 
perceived as weak by farmworkers are considered to have the greatest risk for pesticide 
illness.  
While there has been limited study on variation in perceptions of health effects of 
pesticides based on personal characteristics, it has been documented that those 
farmworkers who perceive they have a lot of skin contact with pesticides do less 
protective behaviors at home (Strong, Thompson, Koepsell, & Meischke, 2008). It has 
also been found that workers who have had pesticide training within the last 5 years and 
those who live in labor camps practice more protective behaviors at work (Strong et al., 
2008). In a previous study of 55 Latino farmworkers, designed to explore their 
perceptions of cancer, a lack of knowledge and information regarding the causes of 
cancer, its prevention, detection, and treatment was found, and this lack of knowledge 





Krauska, & Lappe, 1994). Fatalism, the concept that one has little control over 
developing or dying from a disease, is common among Mexicans with regard to cancer 
(Strong et al., 2008). It is not known if perceptions and protective behaviors have 
changed over time or if studies that have relied on self-report of behavior reflect actual 
practices. 
The Health Belief Model (HBM) has often been used to predict and understand 
health behaviors, especially protective behaviors (Rosenstoch, 1974). It views behavior 
as a function of a person’s value of an outcome and his/her expectation that a certain 
behavior will impact that outcome. According to the model, perceived susceptibility, or 
the likelihood that one thinks he/she may be at risk for a negative health outcome as a 
result of his/her behavior, should increase protective behaviors. Likewise, perceived 
severity, or the belief that the adverse health outcome is serious, should also increase 
behaviors. Taken together, perceived susceptibility and perceived severity are said to 
comprise perceived threat (Viswanath, Orleans, Glanz, & Rimer, 2008). Modifying 
factors, also called cues to action—for example knowing a lot about pesticides, knowing 
people who have become ill, or advice from peers, as well as the perceived efficacy of the 
protective behaviors—increase the likelihood that one will do certain protective 
behaviors (Viswanath et al., 2008). We utilized the two components of perceived threat, 
as well as exploring several modifying factors that are known to influence behaviors. We 
understand that perceived benefits of and barriers to the protective behaviors, as well as 
elements of self-efficacy, are also part of the Model, but we explored those perceptions in 
a more qualitative portion of this study reported elsewhere, and have therefore not 





The goals of this study were the following: (a) describe the extent to which Latino 
migrant and seasonal farmworkers perceive exposure to pesticides as a cause of illness, 
and the relationship among illness threat perception, personal characteristics, training, 
and experience with the use of pesticide protective behaviors in the field; and (b) describe 
the extent to which Latino migrant and seasonal farmworkers perceive exposure to 
pesticides as a cause of cancer, and the relationship among cancer threat perception, 
personal characteristics, training, and experience with the use of pesticide protective 
behaviors in the field. 
 




One of the three largest counties for tobacco production in North Carolina was 
chosen as the location for recruitment. After receiving institutional review board approval 
for the study, seven growers who participated in the Certified Safe Farm intervention 
(East Carolina University, 2012), focused on injury reduction, were approached, and 
three consented to allow farmworkers to be recruited from their farm. There were 72 
farmworkers across the three farms, and each of them consented to participate. Inclusion 
criteria included the following: being age 18 or older, having the ability to speak Spanish 
or English, and self-identifying as being of Hispanic/Latino ethnicity. All data were 













Illness Threat Questionnaire 
 
The Illness Threat Questionnaire was created by the investigators to assess 
farmworkers’ perceived threat of illness from pesticide exposure. The Health Belief 
Model (Rosenstoch, 1974) was helpful in guiding the investigators to create items to 
measure threat of illness. The questionnaire consisted of five questions that included 
perceived severity and susceptibility to illness (3 items corresponding to individual 
perceptions per the HBM), knowledge about health problems as a result of pesticide 
exposure (1 item; a modifying factor per the HBM), and efficacy of PPBs (1 item; 
perceptions of behavior per the HBM). Responses were captured by a 4-point Likert 
scale. A 4-point scale was used because limiting the response range has been shown to be 
preferable with participants having a low level of literacy (Bernal, Wooley, & Schensul, 
1997). The response options were strongly disagree (1), disagree (2), agree (3), and 
strongly agree (4). A summary score was created, ranging from 5–20; higher scores 
indicated more perceived threat. The Cronbach’s alpha for the 5-item questionnaire was 
0.670. One other item that was not part of the summary score pertained to knowledge of 
people with illness as a result of pesticide exposure (a modifying factor per the HBM). In 
addition to the summary score, items were analyzed individually. The Illness Threat 
Questionnaire was verbally administered in Spanish. 
 
Cancer Threat Questionnaire 
 
The Cancer Threat Questionnaire was also developed by the investigators. The 





following: perceived severity and susceptibility to cancer (3 items; corresponding to 
individual perceptions), knowledge about cancer risk (1 item; a modifying factor), and 
efficacy of PPBs (1 item; perceptions of behavior). For the efficacy of PPBs item, we 
provided only examples of clothing PPBs and did not ask about the efficacy of washing 
PPBs. Responses were captured by a 4-point Likert scale. The response options were 
strongly disagree (1), disagree (2), agree (3), and strongly agree (4). A summary score 
was created to capture the perception of cancer threat, ranging from 5–20, with higher 
scores indicating more perceived threat. The Cronbach’s alpha for the 5-item 
questionnaire was 0.697. One other item that was not included in the summary score 
pertained to knowledge of people with cancer as a result of pesticide exposure (a 
modifying factor). In addition to the summary score, items were analyzed individually. 




Demographic data were collected verbally by self-report (in Spanish) from 
farmworkers. Items were included in the areas of personal characteristics, agricultural 
experience, worker status, education and English proficiency, pesticide training, and 




The investigators developed a quantitative observational checklist to observe the 
PPBs of farmworkers. This provided a way to carry out naturalistic, nonparticipant 
observation in which the setting, events, and behaviors were naturally occurring (Price & 





Yourself from Pesticides” brochure addressing WPS criteria for agricultural workers 
(U.S. EPA, 2006). The checklist utilized an event tally system, a way to sample all 
occurrences of some behaviors (Altmann, 1974). Of all of the behaviors recommended in 
the EPA-developed brochure, seven were observable: wearing long pants, wearing a 
long-sleeved shirt, wearing shoes, washing hands before eating, washing hands before 
drinking, washing face before eating, and washing face before drinking.  
Three additional behaviors that are not mandated were observed: wearing gloves, 
wearing hats, and wearing water-resistant outerwear. Wearing gloves as often as possible 
is recommended for all farmworkers by the Pesticide Safety Project, a joint effort of the 
California Poison Control System, California Department of Pesticide Regulation and the 
Western Center for Agricultural Health and Safety at the University of California, Davis 
(California Poison Control System, 2013). Studies support the efficacy of gloves in 
minimizing pesticide exposure even for farmworkers who are not involved in direct 
pesticide application (Hernandez-Valero et al., 2001; Salvatore et al., 2008). While there 
is no literature to support the use of hats and water-resistant outerwear in the field to 
minimize pesticide exposure, those behaviors were common and the investigators chose 
to note the frequency. Observed behaviors were aggregated from an individual 
observation level (a 30-minute time period) to a person level, and then categorized into 
one of three categories: none of the time (0; 0% of the observations), all of time (1; 100% 
of the observations), or some or most of the time, called sometimes (0.5; >0% and 
<100% of the observations). Summary scores were calculated for all clothing behaviors 
(six) and for all washing behaviors (four). For the calculation of a summary score, the 









The primary investigator met with each enrolled tobacco grower to obtain written 
consent to allow her to approach employed farmworkers for participation on work time, 
to be on his property for observations, and to collect data. On the day of the observation, 
the investigator recruited and verbally consented no more than 8 workers, as this was the 
maximum number of workers feasible to observe. Due to the possibility of farmworker 
concerns about loss of confidentiality and potential harm in their employment status, the 
institutional review board waived the requirement of written consent, as it would have 
been the only source linking a farmworker’s name to data. Those workers who consented 
to participate were given a study identification number on an index card (a field-tested 
procedure) to enable pairing of the observational and self-report data. The observation 
period included the entirety of the workday, which ranged in length from 6 to 12.5 hours 
based on the amount of work to be done and the weather. Observations were recorded for 
each participant every 30 minutes. The Illness Threat Questionnaire and Cancer Threat 
Questionnaire were administered on a subsequent weekend evening when the primary 
investigator and the trained native Spanish-speaking interviewer familiar with agriculture 
returned to the workers’ homes or labor camp. To compensate them for their time, 
farmworkers received a $25 Walmart gift card and a hat from a local farmworker service 











All data were managed using REDCap electronic data capture tools (Harris et al., 
2009), which are password protected. All data were entered by the primary investigator, 
and 10% of the data were checked for quality assurance and found to be 100% accurate. 
There were a total of 1,442 observations made. Self-report questionnaire data were 
recorded by the interviewer on paper as well as audio-recorded for quality assurance. The 
written data had no identifying information other than a study number and were stored in 
a locked file. The audio files also contained no identifying information and were stored in 
a double-password-protected computer file. The primary investigator and the interviewer, 
who additionally transcribed and translated the interviews, were the only people who had 
access to the audio recordings.  
Data were analyzed in SPSS v22 (IBM Corporation, 2013). Descriptive statistics, 
including frequencies, were run for all of the personal characteristics. Frequencies and 
proportions were calculated for each of the items on the Illness Threat and Cancer Threat 
Questionnaires. Summary scores for perceived threat of illness, perceived threat of 
cancer, and observed behavior were calculated for each participant. Means and standard 
deviations for summary scores were also calculated. Further exploratory analyses were 
undertaken. Spearman correlation coefficients were calculated for the summary scores of 
illness threat and mean observed PPBs, cancer threat and mean observed PPBs, 
individual theoretical constructs within the Illness Threat and Cancer Threat 
Questionnaires (reflected in individual items), and mean observed clothing and washing 
behaviors, as well as between personal characteristics and mean observed clothing and 





ability of a combination of theoretical factors and personal characteristics to predict mean 






The participating farmworkers were predominantly males (96%) from Mexico 
(97%) with an average age of 33 years (range 18–68). Most had completed no more than 
a middle school education (89%). The majority (90%) were in the United States on a 
work contract, and had worked an average of 12 years in agriculture outside of the United 
States and 6 years in the United States. Almost all (96%) reported some pesticide safety 
training experience and again almost all (97%) reported receiving that training in 2012 or 
later. The vast majority had been trained by video (94%). Additional personal 
characteristics, including agricultural experience, can be found in Table 4.1.  
 
Illness Threat Scores 
 
Descriptive statistics were run on each of the items in the Illness Threat 
Questionnaire (see Table 4.2) and summary scores were calculated. No items were 
reverse coded. We found that the majority of farmworkers (n = 62, 86%) agreed or 
strongly agreed that working around pesticides could cause health problems for 
themselves, although fewer (n = 52, 72%) felt that working around pesticides could cause 
health problems for their families. Most reported that health problems caused by 
pesticides were serious, (n = 59, 82%), and all (n = 72, 100%) reported that PPBs 
(specifically clothing PPBs) were efficacious in decreasing one’s risk of illness. Just over 







Farmworker Personal Characteristics 
 
 
Personal Characteristics Mean (SD) Frequency (%) 
Demographics 
Age 32.75 (11.53)  
Gender   
Male  69 (96%) 
Female  3 (4%) 
Marital Status   
Married  36 (50%) 
Civil union  20 (28%) 
Not married  16 (22%) 
 Ethnicity: Latino   72 (100%) 
Home Country   
Mexico  70 (97%) 
Honduras  2 (3%) 
Agricultural Experience 
Seasons lived in the United States 6.5 (5.64)  
Years worked in agriculture outside of the United States 12.3 (10.32)  
Years worked in agriculture in the United States 6.36 (5.62)  
Years worked in tobacco 6.99 (5.62)  
Worker Status 
Traveled to another farm/ city for agricultural work in last 
12 months  
  
Yes   7 (10%) 
No  65 (90%) 
Live on the farm where you work   
Yes   69 (96%) 
No  3 (4%) 
In the United States on a work contract   
Yes   65 (90%) 
No  7 (10%) 
Highest Level of Education Completed   
Less than middle school   26 (36%) 





Table 4.1 Continued 
 
Personal Characteristics Mean (SD) Frequency (%) 
Some higher education or beyond  8 (11%) 
   
English Proficiency   
   
Skill in reading English   
None or very little  66 (92%) 
Some  6 (8%) 
   
Skill in writing English   
None or very little  69 (96%) 
Some  3 (4%) 
   
Pesticide Training   
   
Type of Training   
None  3 (4%) 
Video  68 (94%) 
Presentation/discussion  6 (8%) 
Practice session  7 (10%) 
   
Year of last pesticide safety training   
Never  2 (3%) 
2012 or 2013  12 (17%) 
2014  58 (80%) 

























Working around pesticides can cause health 
problems. 
 
1 (1.5) 9 (12.5) 47 (65) 15 (21) 72 (100) 
Working around pesticides increases one’s 
family’s risk for health problems. 
 
4 (6) 16 (22) 38 (53) 14 (19) 72 (100) 
Health problems caused by pesticides are 
serious.  
 
4 (5.5) 9 (12.5) 44 (61) 15 (21) 72 (100) 
I know a lot about pesticides.  
 
2 (3) 28 (39) 31 (43) 11 (15) 72 (100) 
Using pesticide protective behaviors (e.g., 
wearing long-sleeved shirts, long pants, and 
work boots) would decrease one’s risk for 
health problems. 
 
0 0 40 (56) 32 (44) 72 (100) 
I know people who have developed health 
problems after working with pesticides.a 
 
6 (8) 17 (24) 33 (46) 16 (22) 72 (100) 
aNot in summary score. 
 
 
summary score for farmworkers was 15.04 out of a maximum of 20 (range 8–20, SD = 
2.29). On the single item that was not included in the summary score (knowing someone 
who had developed health problems as a result of pesticide exposure), 49 farmworkers 
(68%) reported that they did know someone.  
 
Cancer Threat Scores 
 
A summary score was calculated and descriptive statistics were run on each of the 
items in the Cancer Threat Questionnaire (see Table 4.3). No items were reverse coded. 
We found that the majority of farmworkers (n = 61, 84.5%) agreed or strongly agreed 





















Working around pesticides increases one’s 
risk for cancer. 
 
2 (3) 9 (12.5) 46 (64) 15 (20.5) 72 (100) 
Working around pesticides increases one’s 
family’s risk for cancer. 
 
2 (3) 22 (31) 38 (53) 10 (14) 72 (100) 
Cancer is a serious illness. 
 
1 (1.5) 5 (7) 37 (51.5) 29 (40) 72 (100) 
I know a lot about how one gets cancer.  
 
4 (5.5) 32 (44.5) 32 (44.5) 4 (5.5) 72 (100) 
Using pesticide protective behaviors (e.g., 
wearing long-sleeved shirts, long pants, and 
work boots) would decrease one’s risk for 
cancer. 
 
1 (1.5) 3 (4) 36 (50) 32 (44.5) 72 (100) 
I know people who have developed cancer 
after working with pesticides.a 
 
3 (4) 32 (44.5) 32 (44.5) 5 (7) 72 (100) 
aNot in summary score. 
 
felt that working around pesticides could increase cancer risk for their family. Most (n = 
66, 91.5%) reported that cancer was a serious illness, and most (n = 68, 94.5%) reported 
that PPBs were efficacious in decreasing one’s risk of cancer. Half of the farmworkers (n 
= 36, 50%) reported that they knew a lot about how one gets cancer. The mean cancer 
threat summary score for farmworkers was 14.98 out of a maximum 20 (SD = 2.30, range 
= 7–20; see also Table 4.4). Descriptive statistics were also run on the single item that 
was not included in the summary score, and 37 farmworkers (52%) reported that they 










Summary Scores for Observed Pesticide Protective 
Behaviors and for Perceived Threat 
 
 






Observed clothing behaviors (n = 71) 
 
0–6 5 4.81 3–6 
Observed washing behaviors (n = 41) 
 
0–4 0 0.256 0–1.5 
Illness threat (n = 72) 
 
5–20 15 15.04 8–20 
Cancer threat (n = 72) 
 
5–20 15 14.98 7–20 
 
Observed Pesticide Protective Behaviors 
 
Two observed behavior summary scores were calculated. The mean summary 
score for observed clothing behaviors included the three mandated (long pants, long 
sleeves, closed shoes) behaviors and one nonmandated but efficacious clothing behavior 
(gloves), as well as two not mandated “exploratory” clothing behaviors (hats, water-
resistant outerwear), for a total of six possible types of protective clothing worn. While 
socks are mandated, not enough could be observed to be included in analyses. Taken 
independently, the mean observed clothing behavior score was 3.48 out of 4.0, and the 
mean observed exploratory clothing score was 1.33 out of 2.0, showing more compliance 
with mandatory clothing behaviors. In the final analyses, the clothing scores were 
combined. On average, farmworkers wore 4.81 types of protection out of the 6 possible.  
Two farmworker participants (n = 2, 3%) were never observed drinking, making 
washing before drinking impossible to observe for them. A larger proportion (n = 30, 





behaviors could not be observed. There were a total of four possible washing behaviors 
that derived the summary score for observed washing behavior (washing hands before 
drinking, washing face before drinking, washing hands before eating, washing face 
before eating). The mean summary score for observed washing behaviors was only 0.256 
out of 4.0 (see also Table 4.4). 
 
Relationships Between Illness Threat and Pesticide  
Protective Behaviors 
 
Spearman rank-order correlations were conducted to explore if there were any 
relationships between a farmworker’s summary score on the Illness Threat Questionnaire 
and his/her observed pesticide protective behaviors. In response to our original research 
question, a two-tailed test of significance indicated no significant relationship between 
illness threat and pesticide protective behaviors observed in the field (see Table 4.5). 
Each item, including the item about knowing people who developed illness as a result of 
pesticide exposure, was explored against the observed summary scores as well. All were 
nonsignificant except for two weak correlations: knowing people who became ill from 
pesticides was inversely correlated with utilizing protective clothing (  = -.254, p = 
.033), and perceiving that pesticides are serious was inversely correlated with engaging in 
washing behaviors in the field (  = -.342, p = .029). Counterintuitively, farmworkers 
who reported that they knew people who became sick after pesticide exposure used 
protective clothing less often, and those who perceived health problems from pesticides 













Correlations Spearman’s Correlation Coefficient P 
Observed clothing behaviors and illness threat (n = 71) 
 
.028 .816 
Observed washing behaviors and illness threat (n = 41)  
 
-.172 .282 
Observed clothing behaviors and cancer threat (n = 71) 
 
-.080 .505 





Relationships Between Cancer Threat and Pesticide  
Protective Behaviors 
 
Spearman rank-order correlations were conducted in order to explore if there were 
any relationships between a farmworker’s summary score on the Cancer Threat 
Questionnaire and his/her observed pesticide protective behaviors. In response to our 
second research question, a two-tailed test of significance indicated there were no 
significant relationships between cancer threat and pesticide protective behaviors 
observed in the field (see Table 4.5). Each item, including the item about knowing people 
who developed cancer as a result of pesticide exposure, was explored against the 
observed summary scores as well, and no significant relationships were found.  
 
Relationships Between Participant Characteristics and the  
Perception of Threat 
 
Several personal characteristics (i.e., gender, marital status, number of children, 
living with family members, ethnicity, country of origin, traveling to other farms to work 





experience, having a personal diagnosis of cancer, having a family member with cancer) 
were not included in the correlations because of insufficient variability in the sample. 
Marital status, number of children, and method of pesticide training were excluded 
because of the large number of response options, leaving too few people in each category. 
The personal characteristics included in the correlations were age, traveling from farm to 
farm for work, years in agriculture (in and outside of the United States, seasons living in 
the United States, and years in tobacco), years of education, English reading skills, 
English writing skills, and year of last pesticide training. Spearman correlation 
coefficients between remaining personal characteristics and illness threat summary scores 
were all nonsignificant. When personal characteristics were compared to individual items 
comprising illness threat, some significant yet weak correlations emerged. Farmworkers 
with more years in U.S. agriculture (  = .255, p = .031), more years in tobacco (  = 
.327, p = .005), and greater skills in reading in English (  = .291, p = .013) were more 
likely to report greater knowledge about pesticides. Those with more years worked in 
agriculture in the United States were more likely to know people who had developed 
health problems from pesticides (  = .237, p = .045), whereas those who received more 
recent pesticide training were less likely to report knowing people who became ill as a 
result of pesticide exposure (  = -.275, p = .019). Those with more recent training were 
also more likely to report more perceived efficacy of PPBs (  = .241, p = .041) and to 
report belief in the fact that working around pesticides could cause health problems (  = 
.233, p = .049).  
Spearman correlation coefficients between personal characteristics and cancer 





the United States on a work contract had a higher perception of cancer threat overall (  
= -.252, p = .033). Further exploration of the individual items comprising the cancer 
threat summary score revealed that knowledge about how one gets cancer, in particular, 
was lower for those not in the United States on a work contract (  = -.243, p = .039). 
 
Predicting the Impact of Personal Characteristics and Threat  
Beliefs on Behavior 
 
The personal characteristics included in the regression were the 10 items in the 
correlations above: age, traveling from farm to farm for work, years in agriculture (in the 
United States, outside of the United States, seasons living in the United States, and years 
in tobacco), years of education, English skills in reading, English skills in writing, and 
year of last pesticide training. The threat perceptions included in the regression were 6 
items: perceived susceptibility, perceived severity, and perceived efficacy of PPBs with 
regard to both illnesses caused by pesticide exposure and cancer as a result of pesticide 
exposure. Perceived susceptibility of families was not included because of a lack of 
variability in the sample; knowledge about pesticides was excluded because knowledge 
about illnesses caused by pesticides would have been a more precise measure and was not 
consistent with the question about cancer etiology; and finally, knowing others who 
became sick or developed cancer was not included because it emerged as a separate 
factor in early factor analyses of the instrument.  
Stepwise multiple regression analyses were conducted to evaluate how well the 
personal characteristics and perceptions of threat predicted observed behaviors. First, 
clothing summary scores were examined. The first step of the forward stepping method 





United States) accounted for a significant amount of the clothing behavior variability (R 
square = .125, F(1, 69) = 9.897, p = .002); those who had more years of agricultural 
experience in the United States were more likely to have lower observed clothing 
behavior scores (standardized beta coefficient = -354; p = .002). The second block of 
variables (individual threat perceptions), analyzed with the enter method, showed that 
there was no contribution to predicting clothing behavior variance (R square change = 
.094, F(6, 63) = 1.27, p = .284). This indicates that more years of agricultural experience 
in the United States was the only variable likely to be related to lower observed clothing 
behavior scores. 
A stepwise multiple regression analysis was also conducted to predict the 
observed washing summary score from threat perception and personal characteristics 
utilizing the same variables listed above. The first step of the forward stepping method 
indicated that personal characteristics (in particular, year of last pesticide training) 
accounted for a significant amount of the observed washing behavior variability (R 
square = .122, F(1, 39) = 5.404, p = .025), indicating that those who had more recent 
pesticide training were likely to engage in fewer washing behaviors (standardized beta 
coefficient = -.349, p = .025). The second block of variables (individual threat 
perceptions), analyzed with the enter method, showed that there was no contribution to 
predicting washing behavior variance (R square change = .153, F(6, 33) = 1.162, p = 
.350). This means that recency of training was the only variable likely to be related to 












The majority of farmworkers in this study were in the United States on a work 
contract and were moderately experienced in agriculture (6 years worked in the United 
States and 12 years outside of the United States, on average). The vast majority of 
farmworkers in the study (97%) reported receiving pesticide training. This finding is 
similar to the high rates of training recently reported by Levesque, Arif, and Shen (2012), 
and a dramatic increase from the rates of 35%–75% reported in 1999 and 2009, 
respectively (Arcury et al., 2009; Arcury, Quandt, Austin, Preisser, & Cabrera, 1999). 
This apparent improvement in pesticide training is very significant. The video training 
was the most common method for pesticide education, although some workers reported 
also participating in discussions and practice sessions. In this study, all of those who 
reported receiving training reported receiving it within the previous 5 years, as mandated 
by the EPA.  
 
Illness Threat From Pesticide Exposure 
 
Farmworkers perceived a substantial threat to health from pesticide exposure; 
they reported believing pesticides could cause health problems that would be serious 
(82%). The finding that one quarter of farmworkers did not perceive a risk to their 
families from their pesticide exposure has to be interpreted with caution because the vast 
majority were not living with family at the time of the study, and they may have 
interpreted the question in the present sense.  





exposures. We did not specifically ask about protective washing behaviors, which is an 
important area to explore in the future. From our field observations, farmworkers were 
much more adherent to using protective clothing than to engaging in protective washing. 
In order to improve protective washing behaviors, it would be important to know the 
degree to which beliefs about the efficacy of hand and face washing play a role in the 
adoption of these safety practices. In addition to beliefs about the efficacy of washing, in 
future researchers should examine self-efficacy of doing washing behaviors.  
 
Cancer Threat From Pesticide Exposure 
 
The vast majority of farmworkers agreed that pesticides increased one’s risk of 
cancer and that cancer was serious. About half agreed that they knew a lot about cancer 
etiology, and a little more than half reported that they knew someone who developed 
cancer after pesticide exposure. This appears to be a significant increase in the awareness 
of cancer risk from pesticide exposure. While there have been limited prior studies about 
farmworkers’ perception of cancer threat, Lantz et al. (1994) reported that focus groups 
with farmworkers showed limited awareness of cancer risk from pesticides. 
 
Relationship Between Observed Protective Behaviors  
and Perceived Threat 
 
With regard to perception of illness in particular, two findings emerged that 
require consideration. Those who said they knew people who became ill from pesticides 
were less likely to use protective clothing, and those who thought pesticides were serious 
were less likely to wash in the field. Early work in this area suggested that Latino 





that there was little they could do to control exposure (Lantz et al., 1994). Farmworkers 
in that study reported an intense fear of cancer in particular, coupled with fatalism 
regarding its treatment and course. As evidenced by the lack of protective behaviors 
implemented by farmworkers in this study, despite their belief that pesticide illness is 
serious and despite their familiarity with individuals who have experienced pesticide 
illness, fatalism may still be pervasive among Latino farmworkers with regard not only to 
cancer but also to illness as a result of pesticide exposure (Lantz et al., 1994; Strong et 
al., 2008). Interventions that are aimed at increasing the perception of personal control 
over the adverse health effects of pesticide exposure could be helpful. 
 
Relationships Between Personal Characteristics and  
Perceived Threat 
 
It is not surprising that farmworkers with more years working in U.S. agriculture, 
more years working in tobacco, and better skills in reading in English were more likely to 
report greater knowledge about pesticides. Years working with pesticides used in the 
United States and those pesticides used in tobacco in particular, as well as being able to 
read the labels, should logically contribute to greater pesticide knowledge. Likewise, 
those who have worked more years in agriculture in the United States would have had 
more time to observe or hear of others getting sick from exposure.  
Training is intended to both communicate the dangers of pesticide exposure and 
describe what can be done to minimize those exposures (U.S. EPA, 1992). Those workers 
with more recent training may be newer to agricultural work, making them less likely to 
know people who have become ill as a result of pesticide exposure. While the strength of 





illnesses caused by pesticides and perceived efficacy of PPBs in minimizing adverse 
health effects from pesticides was highest for those reporting the most recent training.  
 
Predicting the Impact of Personal Characteristics and  
Threat Beliefs on Behavior 
 
While the predictive ability of our regression model must be interpreted with 
caution due to our small sample size, more years of agricultural experience in the United 
States accounted for nearly 10% of the variance in observed clothing behavior, more than 
any aspect of perceived threat. Prior studies have found that farmworkers who have 
worked more than 10 years in agriculture (country not specified) are less likely to wear 
protective clothing (hats, socks, gloves; Levesque et al., 2012). It has also been 
demonstrated in a recent study to test knowledge increases among farmworkers receiving 
a crop-specific pesticide safety training that those with more years of agricultural 
experience are less responsive to training, scoring more poorly on a postintervention 
assessment and showing reduced score improvement from prelesson to postlesson in an 
intervention (LePrevost, Storm, Asuaje, Arellano, & Cope, 2014). Viewing our results in 
the form of a scatterplot suggests that clothing behaviors are higher for those with fewer 
than 9 years of experience in the United States than for those with greater than 9 years of 
experience in the United States, supporting the prior findings that, after a point, protective 
clothing behavior begins to decline. Experienced farmworkers with less than 9 years of 
experience who practice protective behaviors themselves might be an ideal group to be 
lay educators and peer advisors in the field, as well as instrumental in training beyond the 
video. Interventions for the most experienced farmworkers also deserve attention. 





washing behaviors. Our findings suggest, counterintuitively, that recency of training was 
related to fewer washing behaviors; however, one farm that reported annual video 
training but had not yet shown the video for the year had the most workers who engaged 
in washing behaviors, contributing to what may be a spurious finding. As most of the 
training was done by video in this sample, a review of the training video and exploration 
of how washing behaviors are taught may be useful. It may also be valuable to reinforce 
the washing behaviors taught in the training videos by another mechanism (such as peer 
discussion).  
Recency of training may be a factor in increasing perception of susceptibility to 
illness from pesticide exposure and perceived efficacy of the PPBs to minimize exposures 
which may be valuable to consider in deliberations about increasing frequency of 
training. A recent study by LePrevost et al. (2014) to test knowledge increases among 
farmworkers receiving a crop-specific pesticide safety training, in which it was found that 
individuals who had received pesticide training within 1 year scored significantly better 
on the postintervention assessment to measure retention of pesticide safety information 
than those who trained 2 years earlier. The researchers suggested that frequency of 
required training be reconsidered in light of their findings. When the WPS came up for 
revision in 2014, it was proposed that the frequency of mandatory training be changed 
from once every 5 years to annually (U.S. EPA, 2014). These proposed revisions are still 












The limitations of this study include its small sample size and a bias toward 
workers on farms motivated toward safety, having recruited farmworkers from farms that 
participated in a previous farm safety intervention. Furthermore, only one crop in one 
geographic region was explored. The perceived illness threat instrument did not 
differentiate short- from long-term illness, and in retrospect, it would have been helpful 
had questions been asked about both. Likewise, the PPBs in the instruments included 
only clothing behaviors and not washing behaviors, inclusion of which would have been 
helpful given the differences in observed clothing and observed washing behaviors.  
Returning to the HBM as a theoretical framework, the investigators acknowledge 
that perceived threat may not be the most significant modifying factor of protective 
behavior, and that provision and availability of supplies are influential (Arcury, Quandt, 
Cravey, Elmore, & Russell, 2001; Austin et al., 2001; Ciesielski, Loomis, Mims, & Auer, 
1994; Elmore & Arcury, 2001; Strong et al., 2008; Whalley et al., 2009), as are 
psychological variables (e.g., fatalistic beliefs and perception of control), cues to action 
(like reminders from informal leaders and advice from coworkers), and self-efficacy in 
carrying out the behaviors. The HBM also highlights the importance of perceptions of 
benefits of and barriers to PPBs, which we chose to measure qualitatively and report 
elsewhere. In this study, it appeared that threat alone was not a significant predictor of 
behavior, but had we included some of the aforementioned variables from the HBM, we 
might have seen a stronger relationship between those factors and protective behaviors in 
the field. Alternatively, had the Cancer Threat Questionnaire and Illness Threat 





and not included items about efficacy of the behaviors, knowledge, susceptibility of 
family members, and knowing others who had become ill as a result of exposure, stronger 
relationships may have emerged between threat more narrowly defined and protective 
behaviors in the field.  
Despite the limitations of this study, we found that farmworkers perceive a threat 
of illness from pesticides and that they are reporting a greater perception of cancer risk 
than previously reported in the literature (Lantz et al., 1994). Farmworkers also perceive 
that clothing PPBs are effective in minimizing pesticide risk and are wearing the 
protective clothing mandated by the WPS to a large degree; however, washing behaviors 
remain underutilized.  
While no significant correlations arose for illness or cancer threat and observed 
and self-reported PPBs, weak relationships emerged between knowing someone who 
became ill after pesticide exposure and using less protective clothing in the field, as well 
as believing that the health effects of pesticides were serious and doing fewer washing 
behaviors in the field. The paucity of correlations and their limited strength suggest that 
threat alone is not sufficient to predict behavior, and that other factors such as fatalistic 
beliefs, perceived barriers, self-efficacy, and availability of supplies may have stronger 
relationships with protective behavior. These findings suggest that more study is needed 
to understand what gets in between the perception of threat and compliance with the 
behaviors. 
Recency of training deserves further exploration and is important in revisions of 
the WPS. In addition, it appears that there is a window of experience (less than 10 years) 





group may be utilized as trainers and lay advisors after initial pesticide safety training to 
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Exposure to pesticides has been linked to deleterious health consequences for 
farmworkers (do Pico, 1996; Mills, Dodge, & Yang, 2009; Roberts & Reigart, 2013; 
Saw, Shumway, & Ruckert, 2011; Villarejo, 2003; Villarejo & McCurdy, 2008). Use of 
pesticide protective behaviors (PPBs) can reduce exposure to pesticides and may 
minimize adverse health outcomes (Arcury, Quandt, Rao, & Doran, 2005; Curwin, Hein, 
Sanderson, Nishioka, & Buhler, 2003; Hernandez-Valero, Bondy, Spitz, & Zahm, 2001; 
Quandt et al., 2006; Salvatore et al., 2008). The Worker Protection Standard (WPS), 
published in 1992 by the Environmental Protection Agency (EPA), provides standards for 
PPBs and mandates that these behaviors be taught to farmworkers within 5 days of 
beginning work in a field and every 5 years thereafter in order to minimize exposures. 
Previous studies have not utilized field observational techniques to evaluate the degree to 
which PPBs are practiced by Latino migrant and seasonal farmworkers in the United 
States. The actual level of PPB adherence must be understood in order to shape 
meaningful health policy and protection standards, enact educational requirements that 
are effective, and test interventions that decrease pesticide exposure, ultimately 





Protective behaviors are defined as ways farmworkers can reduce their exposure 
to pesticides and reduce the take-home pathway (Strong, Thompson, Koepsell, & 
Meischke, 2008). According to the EPA, these behaviors include washing hands before 
eating, smoking, or using the restroom; wearing protective clothing to minimize skin 
contact with residue at work (such as long-sleeves shirts, long pants, and work boots); 
showering and changing clothes immediately after work; and washing work clothes 
separately from other laundry. While not mandated in the WPS, the wearing of gloves has 
been reported to be efficacious in minimizing pesticide exposures (California Poison 
Control System, 2013).  
Studies of self-reported farmworker behaviors have found that farmworkers report 
they do not use pesticide protective equipment (PPE)—one facet of PPBs—consistently 
(Arcury, Quandt, Austin, Preisser, & Cabrera, 1999; Levesque, Arif, & Shen, 2012b). In 
one study that defined PPE as gloves, socks, and hats, more than one third of the 
farmworkers reported not using any of those items in the field in the previous month, one 
third reported not using socks, one third reported not using hats, and one fourth reported 
not using gloves (Levesque et al., 2012b). That said, of those protective clothing 
behaviors, only socks are mandated to be worn in the WPS. Epidemiologic studies 
conducted do not provide a clear picture of the reasons why farmworkers do or do not 
engage in protective behaviors (Levesque et al., 2012b).  
The Health Belief Model (HBM) offers one theoretical perspective to examine 
farmworkers’ attitudes about the value of pesticide protective behaviors and how that in 
turn may influence utilizing these practices in the field (Rosenstoch, 1974). At its core, 





likelihood of taking a preventive action (in this case engaging in PPBs) is modified by a 
host of factors, and that ultimately farmworkers and growers engage in a mental process 
of assessing threat (a combination of perceived severity and perceived susceptibility) and 
perceived benefits of and barriers to carrying out the PPBs in the course of deciding 
about engaging in protective behaviors. 
Cited barriers to the use of PPBs have centered on pesticide training, including the 
language it’s offered in and the uniformity of training (Austin et al., 2001; Cabrera & 
Leckie, 2009). Training that includes rationale for carrying out PPBs has been shown to 
increase one’s perception of control over exposures (Arcury, Quandt, & Russell, 2002). 
Personal factors such as time and comfort have been reported as barriers to PPBs 
(Cabrera & Leckie, 2009; Levesque et al., 2012b), which is significant, because time can 
mean money and discomfort can be a symptom of heat distress. Also cited have been 
underestimated exposure risk (Elmore & Arcury, 2001) and lack of provision of PPE or 
other supplies by one’s employer (Austin et al., 2001; Elmore & Arcury, 2001; Strong et 
al., 2008). Perceived benefits of protection against pesticides and other farm chemicals 
have also been explored. Farmworkers report believing that protecting oneself from farm 
chemicals leads to a healthier life, that it is important to protect children from farm 
chemicals, and that protective clothing is effective against chemical exposure (Strong, 
2008). The perceptions of both growers and farmworkers about what could improve the 
pesticide protective behaviors of farmworkers were needed. 
Latino migrant and seasonal farmworkers are more likely to identify acute effects 
(e.g., nausea, vomiting, headaches, dizziness, and skin diseases) than chronic effects or 





Quandt, Arcury, Austin & Saavedra, 1998). Few farmworkers believe that adverse health 
effects resulting from pesticide exposure will last more than one day (Elmore & Arcury, 
2001). Studies also report that farmworkers believe that individual susceptibility based on 
gender, age, and perceived vulnerability determine sickness from pesticides (Elmore & 
Arcury, 2001; Flocks, 2007; Quandt et al., 1998).  
Despite the known efficacy of PPBs in reducing pesticide exposures and 
minimizing risk for adverse effects of pesticides, only self-report of behavior studies have 
been done to date. While it is understood that farmworkers perceive benefits of and 
barriers to PPBs, prior studies have not inquired of both growers and farmworkers what 
facilitates PPBs and what strategies they could recommend to overcome barriers. Finally, 
while researchers have reported that perception of illness risk is acute and not chronic, 
prior studies have not attempted to quantify Latino migrant and seasonal farmworkers’ 
perceptions of illness threat and cancer threat as a result of pesticide exposure, or to test if 
those or any personal characteristics in particular correlate with or predict their PPBs.  
This research centered around three main aims to fill those research gaps: (a) 
describing observed and self-reported pesticide protective behaviors (PPBs) used by 
Latino migrant and seasonal farmworkers, and how they compared with the behaviors 
recommended in the EPA’s Worker Protection Standard; (b) understanding if and how 
Latino migrant and seasonal farmworkers perceive exposure to pesticides as a threat to 
health, and cancer in particular, and how it relates to their PPBs; and (c) describing what 
both farmworkers and growers perceive as facilitators of and barriers to PPBs, as well as 








After receiving institutional review board approval for this study, the primary 
investigator recruited tobacco growers for participation, thereby gaining access to 
approach farmworkers for participation. One of the three largest North Carolina counties 
for tobacco production was selected as the location for recruitment. Growers were chosen 
based on access; seven growers in this county were approached who had previously 
participated in a safety intervention called Certified Safe Farms (CSF) (East Carolina 
University, 2012), which focused on injury reduction. Three out of the seven growers 
who participated in CSF agreed to allow access to their farms for recruitment of 
farmworkers.  
Seventy-two farmworkers were approached on the three farms, and all voluntarily 
participated in the study. Inclusion criteria included the following characteristics: being 
age 18 years or older, having the ability to speak Spanish or English, and self-identity as 
being of Hispanic/Latino ethnicity. One farmworker in a supervisory role did not 
participate in the observational portion of the study because his work tasks were 
substantially different, leaving 71 participants with observed data for comparison. All 
data were collected between May and October 2014.  
 




The 3 growers were male (100%), White (100%), and age 51 years on average 
(range 43–59), who had completed high school or some college (100%). The 72 





age of 33 (range 18–68). The majority of farmworkers (90%) were in the United States 
on a work contract and had completed no more than a middle-school education (89%). 
Additional personal characteristics can be found in Table 5.1.  
 
Observed Versus Reported Protective Behavior 
 
The first aim of this study was to compare and contrast observed and self-reported 
adherence of Latino migrant and seasonal farmworkers to pesticide protective behaviors 
recommended in the EPA’s Worker Protection Standard. The mandated behaviors 
examined were wearing long sleeves, wearing long pants, wearing socks, and wearing 
closed shoes. Participants were consistent in reporting and using long pants and closed 
shoes in the field most of the time. Socks could not be observed most of the time. 
Farmworkers reported more long sleeve (p = .028) use than what was observed. It was 
uncommon to observe washing behavior before eating or drinking, even when washing 
supplies were available. Washing behaviors were significantly overreported when 
compared to observation for hand (p <.01) and face (p <.01) washing before eating and 
for hand (p <.01) and face (p = .058 trend) washing before drinking in the field. This 
study documented that WPS-mandated behaviors for protective clothing are commonly 
practiced by Latino migrant and seasonal farmworkers, but washing behaviors in the field 
are not. The observation method also made clear that farmworkers practice certain 
nonmandated PPBs at high levels. While not mandated, wearing gloves has been 
recommended to minimize pesticide exposure in the field, and this was observed. 
Farmworkers reported much higher glove use (p <.01) than what was observed, but also 












Mean (SD) Frequency (%) Mean (SD)  Frequency (%)  
Demographics     
Age 
 
50.7 (8.0)  32.8 (11.5)  
Gender     
 Male  3 (100%)  69 (96%) 
 Female  0  3 (4%) 
Marital Status     
 Married  2 (67%)  36 (50%) 
 Civil union  0  20 (28%) 
 Not married  1 (33%)  16 (22%) 
Ethnicity: Latino   0  72 (100%) 
Home Country     
 Mexico  NA  70 (97%) 
 Honduras  NA  2 (%) 
Agricultural Experience     
Seasons lived in the United States NA  6.5 (5.6)  
Years worked in agriculture outside 
of United States 
NA  12.3 (10.3)  
Years worked in agriculture in 
United States 
41 (8.5)  6.4 (5.62)  
Years worked in tobacco 41 (8.5)  7.0 (5.6)  
Worker Status     
Traveled to another farm for 
agricultural work in last 12 
months  
    
Yes   NA  7 (10%) 
No  NA  65 (90%) 
Live on the farm where you work     
Yes   2 (67%)  69 (96%) 
No  1 (33%)  3 (4%) 
In the United States on a work 
contract 
    










Mean (SD) Frequency (%) Mean (SD) Frequency (%) 
No  NA  7 (10%) 
     
Highest Level of Education Completed     
Less than middle school  0  26 (36%) 
Middle school  0  38 (53%) 
Some higher education or beyond  33 (100%)  8 (11%) 
     
English Proficiency     
     
Skill in reading English     
None or very little  NA  66 (92%) 
Some  NA  6 (8%) 
     
Skill in writing English     
None or very little  NA  69 (96%) 
Some  NA  3 (4%) 
     
Pesticide Training     
     
Type of training     
None  0  3 (4%) 
Video  3 (100%)  68 (94%) 
Presentation/discussion  3 (100%)  6 (8%) 
Practice session  2 (67%)  7 (10%) 
     
Year of last pesticide safety training     
Never  0  2 (3%) 
2012 or 2013  1 (33%)  12 (17%) 
2014  2 (67%)  58 (80%) 
     
 
 
compared with self-report data. These practices need to be examined for efficacy in 
reducing exposure to pesticides in the field.  
 
The Relationship Between Threat and Protective  
Behavior in the Field 
 
The second aim of this study was to describe if and to what extent Latino migrant 





relationship between illness threat perception and pesticide protective behaviors. The 
third aim was to describe if and to what extent Latino migrant and seasonal farmworkers 
perceive exposure to pesticides as a cancer threat and the relationship between cancer 
threat perception and pesticide protective behaviors. In order to do this, summary scores 
were created for observed protective clothing behaviors and washing behaviors. 
Likewise, summary scores were created for perceived threat of illness and perceived 
threat of cancer using five of the six items collected after a factor analysis was completed, 
and one item did not fit as well as the others.  
The mean summary score for observed clothing behaviors included those 
mandated (long pants, long sleeves, closed shoes) and not (gloves, hats, and water-
resistant outerwear), and was 4.81 out of 6. Not all farmworkers could be observed 
drinking (n = 69); even fewer farmworkers could be observed eating (n = 41). The mean 
summary score for observed washing behaviors (washing hands and face before drinking 
or eating) was .256 out of 4. Despite high mean scores for perceived threat of illness 
(15.04/ 20) and cancer (14.98/20), no significant correlations were found with observed 
or self-reported PPBs. Only two weak and moderately statistically significant negative 
correlations were found between individual threat items and summary scores; knowing 
people who became ill from pesticides was associated with less protective clothing 
behavior (  (71) = -.252, p = .034), and perceiving that pesticides are serious was 
associated with less washing behavior in the field (  (41) = -.342, p = .029).  
Weak but statistically significant correlations emerged between participant 
characteristics and individual items comprising illness threat. Farmworkers with more 





were slightly more likely to report greater knowledge about pesticides (  (72) = .255, p 
= .031,  (72) = .327, p = .005 and  (72) = .291, p = .013, respectively). Those with 
more years in agriculture in the United States were slightly more likely to know people 
who had developed health problems from pesticides (  (72) = .237, p = .045), whereas 
those who received more recent pesticide training were slightly less likely to report 
knowing people who became ill as a result of pesticide exposure (  (72) = -.275, p = 
.019). Those with more recent training were also slightly more likely to report more 
perceived efficacy of PPBs (  (72) = .241, p = .041) and to report belief in the fact that 
working around pesticides could cause health problems (  (72) = .233, p = .049).  
Further exploration of the individual items comprising the cancer threat summary 
score revealed that knowledge about how one gets cancer was lower for those not in the 
United States on a work contract, and perception of cancer threat overall was higher (  
(72) = -.243, p = .039 and  = -.252, p = .033, respectively). Years worked in agriculture 
in the United States accounted for 10% of the variance in observed clothing scores, with 
more years of experience associated with less protective clothing use. Year of last 
pesticide training accounted for 5% of the variance in observed washing scores, with 
more recent training associated with less washing behavior in the field. 
 
Perceived Benefits, Facilitators, Barriers, and Strategies 
to Counter Barriers to PPBs 
 
The third aim of this study was to identify Latino migrant and seasonal 
farmworkers perceived benefits of, facilitators of, barriers to, and strategies to counter 
barriers to pesticide protective behaviors recommended in the EPA’s Worker Protection 





of, barriers to, and strategies to counter barriers to pesticide protective behaviors 
recommended in the EPA’s Worker Protection Standard. The goal of these aims was to 
be able to make recommendations for intervention and training that would enhance PPB 
adherence by farmworkers.  
PPBs were reported by farmworkers to be beneficial in minimizing both pesticide 
exposures and exposure to nicotine, which could cause GTS. Personal work experience 
and the experience of others was a major facilitator of PPBs, which has implications for 
training in the future. Wetness emerged as the most significant barrier to PPBs, and 
strategies suggested to minimize that barrier included wearing water-resistant outerwear, 
bandanas, and hats, and changing clothes at midday. The efficacy of those behaviors in 
minimizing exposures is yet unknown. Farmworkers never cited lack of washing supplies 
as a barrier to washing behaviors, despite the fact that in 33% of observations, washing 
supplies were unavailable. Both farmworkers and growers were more likely to describe 
clothing behaviors than washing behaviors in answer to open-ended questions about 
PPBs. Growers also described their perceptions that PPBs are effective, especially the 
parts of the WPS that mandate pesticide avoidance. They perceived training to be the 
greatest facilitator of PPBs, followed by availability of supplies. They reported heat as 
the most significant barrier to protective behaviors and suggested redesign of required 




Due to the intensive-observation component of the study design, only three farms 





farms, which may indicate that farm characteristics play a role in PPBs. All of the farms 
had participated in a safety intervention called Certified Safe Farms (East Carolina 
University, 2012), which was focused on injury reduction. There were differences in both 
the number of workers and geographical size of the farms, as well as the phase of 
cultivation when observed data were gathered. Farm 1 was the smallest and Farm 3 the 
largest in terms of acreage and number of farmworkers employed (the farms employed 5, 
7, and 60 farmworkers, respectively). As data were collected by the primary investigator 
sequentially over the course of a single season, there was also variation in work task 
being performed at the time of observation.  
In the process of cultivating tobacco, the seed is grown before being transplanted 
to the field, the field is maintained through weeding, the more mature plant is topped and 
suckered (removal of the tobacco flower to allow all nutrients to be supplied to the 
leaves), and then the leaves are harvested and barned to be cured. During observation, 
workers on the first farm were weeding shortly after tobacco transplantation; on the 
second farm, workers were topping and suckering prior to harvest; and on the third farm, 
workers were harvesting and barning leaves, as well as engaging in crop maintenance 
such as topping and suckering. 
When examining observed PPBs with Fisher’s exact tests we found that workers 
on Farm 1 (the smallest) had the highest washing summary scores and the lowest clothing 
summary scores. Workers on Farm 2 had the lowest washing summary scores and the 
middle clothing summary scores. Workers on Farm 3 had the middle washing summary 
scores and the highest clothing summary scores. These results were all statistically 







Variation in Observed and Self-Reported Behavior by Farm 
 
 
Behavior Farm 1 Farm 2 Farm 3 
Significance 
(p Value) 
Observed protective clothing (Mean/SD) 
 
Observed exploratory clothing (Mean/SD) 
 
Observed clothing summary score 
(Mean/SD) 
 
Observed washing before eating (Mean/SD) 
 
Observed washing before drinking 
(Mean/SD) 
 
Observed washing summary score 
(Mean/SD) 
 
Self-reported protective behavior summary 
score (Mean/SD) 
 
Observed provision of washing supplies 
Soap and water (n) 

























































































On Farm 1, workers were always observed washing hands before eating and 
sometimes washing hands before drinking. Washing supplies were always available on 
Farm 1 during the observation period. On Farm 2, workers were never observed washing 
hands before eating and never observed washing hands before drinking, despite the fact  
that washing supplies were always available on Farm 2 during the observation period. 
Finally, on Farm 3, workers were sometimes observed washing hands before eating and 
sometimes observed washing hands before drinking, and provision of washing supplies 
there was inconsistent. There were no statistically significant differences between the 





There were statistically significant differences between the three farms with 
regard to participant characteristics. Fisher’s exact tests were utilized for categorical 
variables and Kruskal-Wallis tests were utilized for continuous variables. All results can 
be found in Table 5.3. Farm 2 was different from the others with regard to age (the oldest 
workers), gender (the only one to have women), marital status (the least number of 
married workers), number of children (the most children), living with family (the only 
farm with domestic partnerships), home country (the only non-Mexican participants), 
traveling to other farms to do farm work, not living on the farm where one works, not 
being in the United States on a work contract, seasons lived in the United States (most), 
and education (lowest).  
Significant differences emerged in other variables between the farms as well. 
Farm 1 had the largest number of farmworkers who had never received pesticide 
education and who received pesticide training before the current year. Workers on Farm 1 
always washed before eating and usually washed before drinking, despite the fact that 
one worker never received training at all and the other 4 did not have it in the current 
year. The grower on this farm reported showing the video annually but, as it was early in 
the season, it appeared the video had not yet been shown. Farm 3 had the most workers 
trained by video. Nonsignificant differences emerged on the characteristics of years 
worked in agriculture outside the United States, years worked in agriculture in the United 
States, years worked in tobacco, English reading skills, English writing skills, training in 
the form of practice session or discussion, and having a family member with cancer (see 
Table 5.3).  












N = 5 
Farm 2 
N = 7 
Farm 3 





33 (12.8) 43 (10.4) 32 (11.1) .023 
Number of children (Mean/SD) 
 
1.8 (1.1) 4.1 (2.8) 1.7 (1.2) .034 
Years in agriculture outside of the United States 
(Mean/SD) 
 
13 (5.6) 14.4 (17.3) 11.6 (9.6) .711 
Seasons lived in the United States (Mean/SD) 
 
8.6 (6.8) 11 (5.0) 5.8 (5.4) .034 
Years in agriculture in US (Mean/SD) 
 
Years in tobacco (Mean/SD) 
 
Gender: Female (n) 
 






Living with family (n) 
 
Home country: Honduras (n) 
 
Travel to another farm for work (n) 
 
Do not live on the farm where you work (n) 
 
Not in the United States on a work contract (n) 
 
Highest level of education: Less than middle 
school (n) 
 







































































































































































N = 5 
Farm 3 
N = 7 
Farm 3 
N = 60 
Significance 
(p Value) 
Presentation/discussion 1 1 4 .260 
Practice session 1 0 6 .500 
     
Year of last pesticide training: Before 2014 (or 
never) (n) 
5 5 4 .000 
     
Personal history of cancer (n) 0 0 0 NA 
     
Family member with cancer (n) 0 0 2 1.0 
     
 
 
differences in training between the farms. Farm 1 and Farm 3 utilized the video produced 
by Michigan State University Extension called “Pesticide Handlers and the Worker 
Protection Standard” (Michigan State University Extension, 1994). While the video was 
developed principally for pesticide handlers, only a fraction of workers on each of the 
farms worked as pesticide handlers. Pesticide handling includes more tasks such as 
mixing, loading, and applying pesticides, and the majority of workers who were involved 
only in harvest and field maintenance would not be defined as pesticide handlers (United 
States Environmental Protection Agency [U.S. EPA], 1998). The 2 growers who used the 
video reported that they showed the pesticide handler video to everyone to be sure that 
their handlers saw what they needed to, and the other farmworkers just learned more than 
the minimum standards. Farm 2 used the flipchart that one can get from the EPA that is 
basically the “Protect Yourself from Pesticides” brochure (U.S. EPA, 2006) in a flip chart 
format, with talking points in both English and Spanish. At that farm the grower 









The vast majority of participants in this study reported receiving pesticide safety 
training, and training by video in particular. They mentioned training, and again the video 
in particular, as a facilitator of their pesticide protective behaviors. Because participants 
emphasized the importance of training in their use of PPBs, yet field observation revealed 
a wide dichotomy in their actual protective clothing behaviors versus their protective 
washing behaviors, we wondered if the video training emphasized clothing behaviors 
more than washing behaviors. We examined the video to quantify the amount of time 
spent on protective clothing behaviors versus their protective washing behaviors.  
Protective clothing appeared throughout the video, though the protective 
equipment depicted was more protective than is required by farmworkers not handling 
pesticides. Long sleeves, long pants, socks, and closed shoes were mentioned in the video 
but so were bunny suits, rubber gloves, boots, and respirators, which farmworkers who 
are not handlers might not have supplied and are not required to use. The majority of the 
time that clothing was shown in the video, it was protective; shorts and sandals were 
never observed, socks could not be seen, and short sleeves were shown a few times, 
though usually when a worker was shown talking or listening, and not actually working.  
By contrast, washing behaviors were shown for 55 seconds of the entire 50-
minute, 25-second video. For 39 of those 55 seconds of the washing training, it was 
discussed that washing needed to be done by anyone working in areas where pesticides 
had been applied, and must be done at every break and before eating, drinking, chewing 
gum, chewing tobacco, or applying makeup. In the image of the farmworker shown 





he took off his gloves and the other worker poured soap and then water onto his hands, 
and he washed his face and then used a towel to dry (all of which were shown before he 
entered the toilet).  
The only other times that washing behaviors were shown were an 8-second clip in 
the section on what to do if one gets pesticide on one’s skin, along with a discussion that 
soap and sufficient water are mandated by law to be provided to the farmworker, and a 9-
second clip and discussion in the video summary in which the washing of hands and face 
were recapped. While a cursory analysis, it is interesting that in a video lasting 50 
minutes and 25 seconds, washing is discussed or shown for a total of 55 seconds 





While not within the research aims of this study, growers also participated in the 
illness threat and cancer threat questionnaires All growers agreed or strongly agreed that 
working around pesticides could cause health problems, but like farmworkers, fewer 
perceived that same threat existed for families (n = 2, 67%). In addition to both growers 
and farmworkers believing pesticides could cause health problems that would be serious, 
100% of both groups of respondents found the PPBs efficacious in minimizing 
exposures. In fact, the farmworker group more strongly agreed that the behaviors were 
efficacious as compared to growers, although care must be taken in interpretation due to 
the small sample size of growers. All growers agreed that they knew a lot about 





score for growers was 15.05 out of 20 (SD = 2.29), indicating moderately strong 
perception of illness threat from pesticides.  
Two thirds of growers agreed that working around pesticides could increase 
cancer risk for themselves or their families (n = 2, 67%). All agreed that cancer is a 
serious illness and two thirds thought that PPBs were efficacious in decreasing one’s risk 
of cancer (n = 2, 67%). None felt that they knew a lot about how one developed cancer. 
The mean cancer threat summary score for growers was 13.33 out of 20 (SD = 2.08). 
Farmworkers had higher mean scores for cancer threat (14.98), demonstrating that they 
perceived more threat of cancer from working with pesticides than growers did. 
Farmworkers considered themselves more knowledgeable about cancer etiology than 
growers. This was interesting in the context of the demographic information, as growers 
also had family members who worked in agriculture and developed cancer. Farmworkers 




Across all of the aims, protective clothing behaviors were more salient to 
farmworkers and growers in targeted interviews and were more frequently practiced by 
farmworkers in observation. These rates were higher than previously reported from self-
report studies, and this is the first report of observational data. Farmworkers reported 
efficacy of clothing behaviors in particular in minimizing exposure to pesticides.  
While efficacy and use of protective clothing behaviors was found, farmworkers 
did not routinely use protective washing behaviors, although on self-report they indicated 





available as a barrier to utilizing PPBs, although they were lacking in one third of the 
observations (all on one farm). Based on observation, consistency of washing supplies is 
a factor in adhering to washing PPBs; however, even when washing supplies were 
available, they were inconsistently utilized. This might indicate the difficulty of forming 
a habitual protective practice when supplies to do the behavior are not consistently 
reliable.  
Another factor to explain higher adoption of clothing protective behaviors in 
comparison to washing behaviors may be in the relative emphasis in training videos. An 
exploratory analysis of the training video used on two of the three farms showed that the 
video spent only 1% of the time discussing washing behaviors. While adoption of 
clothing protective behaviors is encouraging in Latino farmworkers, this study found that 
washing behaviors were seriously underutilized. More study needs to take place to 
understand the perceptions of farmworkers about the efficacy of washing behaviors and 
the barriers and facilitators that may be unique to those behaviors. In addition, efficient 
ways for growers to distribute washing supplies and a heightened awareness of their 
protective capacity is also needed.  
Besides the discrepancy between clothing and washing behaviors, farmworkers 
reported and were observed utilizing protective clothing behaviors that are not mandated, 
and which may or may not be efficacious in minimizing pesticide exposures in the field. 
These include water-resistant outerwear, hats, bandanas, and changing clothes at mid-
day. The efficacy of these behaviors should be examined and recommendations made 
about whether or not they should be encouraged in the field. Water-resistant outerwear is 





farmworkers, and water-resistant outerwear was the strategy they reported utilizing to 
overcome that barrier in the field. These behaviors may have been adopted to combat 
green tobacco sickness (GTS), which causes immediate acute toxic effects to the 
farmworker and thus may be more salient in creating a consistent habit than preventing 
the effects of long-term pesticide exposure. If farmworkers are motivated by protection 
for GTS more readily than long-term pesticide exposure, training might reinforce the 
protective behavior benefits for both illness threats. 
Farmworkers in this study reported high levels of training, especially by video. Of 
the 96% who reported receiving pesticide safety training in their career, all reported 
training within the previous 5 years, as mandated by the EPA. Of the personal 
characteristics examined, recency of training was associated with less washing behavior 
in the field. Our farm variation analyses helped us to understand this counterintuitive 
finding. Farm 1, which had not yet shown the training video for the year, had 
farmworkers who always washed before eating and sometimes before drinking (it was the 
farm with the highest washing behaviors overall). When Farm 1 was removed from the 
analyses, that relationship completely disappeared. However, recency of training was 
positively, but weakly, related to perceived efficacy of PPBs and the susceptibility to 
health problems caused by pesticides. These findings need further exploration and could 
help with proposed revisions of the WPS in the future.  
Furthermore, in both the targeted interviews and measures of illness and cancer 
threat, agricultural experience (one’s own and/or the high regard for peers who had it) 
emerged as a potential facilitator of PPBs. Farmworkers stated that they relied on more 





experience was associated with less protective clothing use in the field. Our study 
supports prior findings that after a certain amount of experience, protective clothing 
behavior begins to decline (Levesque et al., 2012b). This could be complacency—that 
farmworker has never gotten sick, they are past childbearing age, or they perceive that 
they are stronger than those who experience illness from pesticides. It could also be that 
if PPB in tobacco is driven by workers’ concerns for GTS, then the fact that farmworkers 
are less likely to experience GTS after many years of experience and with a reduced 
sensitivity to nicotine is a factor modifying behavior. There may be a role for experienced 
farmworkers (<10 years) who themselves engage in PPB to assist in training beyond the 
video that would positively influence the PPB of others in the field.  
Farmworkers did consistently perceive that pesticide exposure posed a threat of 
illness, including the threat of cancer. The heightened perception of threat of cancer in 
this study demonstrates an increased level compared to prior studies. In addition, 
knowledge of someone who worked with pesticides and then developed cancer may 
contribute to increased threat perception. In this study more than half of the farmworkers 
reported knowing someone who developed cancer as a result of pesticide exposure, yet 
perception of threat alone was insufficient in predicting protective behaviors in the field. 
More study must be undertaken to explore the myriad of other factors that impact PPBs, 
such as cues to action, self-efficacy, fatalism, competing threats and benefits, and barriers 
to washing behaviors in particular.  
Farm variation in terms of farm characteristics, personal characteristics of 
workers, and the work tasks observed on those farms must be considered. The third farm 





affected behavior. Farm 2 provided washing supplies 100% of the time but washing 
before eating and washing before drinking were never observed, which may point to the 
impact of some of the personal characteristics of the workers on that farm who were not 
in the United States on work visas, lived with family and had the lowest educational 
attainment. Furthermore, training was different on Farm 2. That was the only farm that 
did a verbal presentation with the grower and a bilingual assistant present. Little is known 
about the skills or abilities of the grower and assistant to communicate with each other or 
present safety information. Concerns about nonstandardized training have been reported 
before (Austin et al., 2001; Cabrera & Leckie, 2009), and could be of concern here as 
well. Also, pesticide protective behavior use may change over the course of the season 
based on work task. Some variation in behavior could be due to the perceived risk of 
exposure by the workers based on work task. While pesticide exposure was possible in 
any of those tasks, workers reported concern for GTS in the targeted interviews, which is 
likely during harvest when their clothes become wet from rain, sweat, or morning dew 
and then they come in contact with tobacco (National Institute for Occupational Safety 
and Health, 2014a).  
This study also revealed that while training rates are high and farmworkers rely 
on training for information about protective behaviors, adoption of PPBs might be 
increased if videos and training were targeted to the behaviors expected of the particular 
farmworkers. Analysis of the training video revealed a lot of content on PPBs using 
equipment typically used only during pesticide application. There were sections on 
disposing of pesticide containers, cleaning up pesticide spills, properly wearing 





a pesticide handler. Even in the targeted interviews, many farmworkers were cited saying 
that they were not around pesticides and did not do that kind of work, and as the majority 
are not applying or handling pesticides directly, as is shown in the majority of the video, 
may feel that the protective behaviors shown do not pertain to them. In addition to more 
tailored videos, improved rates of PPB adoption might be found if training and videos 
balanced the content time between protective washing behaviors and protective clothing 
behaviors.  
The use of an observational method was very valuable. It enabled the observation 
of nonmandated behaviors in the field, allowed the capture of behaviors that varied across 
the course of the day, and served as a valuable comparison to self-reported behaviors. 
Because behaviors such as the wearing of water-resistant outerwear, the changing of 
shoes, and even the changing of hats, as well as the availability of supplies varied in their 
adherence over the course of the day, observations of the entire workday were valuable.  
Unfortunately, out of 1,442 possible observation data points, approximately 350 
(24%) were missing because of inability to view the worker, either because he/she left the 
field or, more commonly, because he/she was too far away in the field to be observed. 
Choosing a position as close to the field as possible that enabled view of the washing 
facilities was key, but to have followed workers through the field the other 24% of the 
time would have required the primary investigator to travel with the workers on tractors 
through the field, and would have changed the nature of the observations to participant 
observation.  
Farmworkers did not seem to be bothered by the presence of the primary 





present biweekly. Former participants acknowledged her presence in the field with 
greetings, sometimes engaging in casual conversation or offering snacks to share, which 
conveyed some comfort. One aspect of the observational study design was that the 
investigator had to stay focused on the participants (maximum of 8) enrolled for the day, 
even if she noticed an unusual or interesting behavior or behaviors by others who may 
have already participated. Likewise, the investigator had to stay focused on the 
predetermined behaviors plus the hats and water-resistant outerwear that were added at 
the start of the study, because other behaviors examined would not have had complete 
data for all participants.  
The use of an observational method as well as a comparison with self-report data 
gives some insight into what may have been overreported in other studies, and extensive 
field notes further contextualized findings, such as understanding the availability of 
washing supplies and frequency of nonmandated behaviors also believed to be protective. 
This study was novel in its exploration of some of the modifying factors influencing 
PPBs. While benefits of and barriers to PPB have been examined before, this was the first 
study to examine facilitators of PPB and elicit strategies to improve PPB by both 




The limitations of this study include its small sample size and a bias toward 
workers on farms motivated toward safety, having recruited farmworkers from farms that 
participated in the CSF intervention (East Carolina University, 2012). There was also 





and training; a larger sample size would have been helpful considering this variability. 
Furthermore, only one crop in one geographic region was explored. Farmworkers in 
tobacco reported a high degree of concern about GTS, and it may be that their protective 
behaviors were more centered on minimizing their exposures to nicotine and less on 
pesticides. While this finding may not be generalizable to other nontobacco crops such as 
fruit, it might offer insight into thinking about ways to pair pesticide exposure concerns 
to particular concerns that are salient to farmworkers working in other crops (such as skin 
problems with tomatoes). Wetness, which emerged as the major barrier to PPB in this 
study, may have been different in a less humid climate. Replication of this study in 
another climate may have yielded different results; however, the majority of tobacco in 
the United States is grown in North Carolina, where heat and humidity are pervasive.  
This study took place sequentially over the course of the growing season, with 
more data collected during harvest than at any other point in the season. Behaviors during 
harvest may have been different than behaviors at other points in the season, and because 
education and intervention need to address the entirety of the season, more information 
about other points in the season would have been useful. Some of the more stable 
characteristics about these farmworkers may have also impacted the findings, such as 
their work status, country of origin, and educational attainment. In order for results to be 
more broadly generalizable about PPB adherence by farmworkers, other crops, non-
Latino farmworkers, and other states should also be studied, and longitudinal studies 
conducted. With regard to methods employed, the use of a structured interview guide and 
trained interviewer limited deeper exploration of some emerging beliefs and practices. 





are several limitations that emerged from our application of the Model. First, not all 
aspects of the Health Belief Model were examined; our qualitative data suggest that cues 
to action (reminders from leaders and advice from peers) were highly salient to 
farmworkers and should have been explicitly studied. Furthermore, psychological 
variables such as fatalistic beliefs and perception of control emerged in the literature and 
came to mind in interpreting our analyses, and were not specifically measured. Second, 
perceived threat, which was a primary focus of our study, may not be the most significant 
modifying factor of protective behavior. Provision and availability of supplies are 
influential (Arcury, Quandt, Cravey, Elmore, & Russell, 2001; Austin et al., 2001; 
Ciesielski, Loomis, Mims, & Auer, 1994; Elmore & Arcury, 2001; Strong et al., 2008; 
Whalley et al., 2009), and were not measured in self-report. Third, benefits of and 
barriers to PPB were assessed qualitatively, and therefore it was not possible to measure 
the relationship between those variables and actual PPBs in the field. Finally, the farm 
variation analyses coupled with the results of the targeted interviews suggest that the 
“culture” of a farm and the influence of its members on one’s PPBs are so influential that 
future research may benefit from guidance by a behavioral theory that is more socially 
focused.  
The HBM was also used to guide the development of a tool to quantify perception 
of threat of illness as a result of pesticide exposure and perception of threat of cancer as a 
result of pesticide exposure. Farmworkers were found to have heightened perceptions of 
threat of both illness and cancer, but threat alone was not sufficiently related to or 
predictive of behavior. While threat is comprised of perceived susceptibility and 





a single question within the illness threat tool. A question about perceived susceptibility 
of family members was asked but perhaps was too psychologically distant to the workers; 
most were in the United States on a work contract and far from family. Also included in 
the summary score was a question about efficacy of the behavior (limited by asking only 
about protective clothing behaviors and not protective washing behaviors) and a question 
about knowledge of pesticides and knowledge of cancer etiology. Within the questions 
about knowledge, there also should have been some rewording to ensure that they were 
measuring similar concepts—perhaps knowledge of etiology of illnesses caused by 
pesticide exposure and knowledge about cancer etiology.  
Furthermore, it is not completely understood how knowledge would perform 
within a threat instrument. We posited that knowing more about pesticides and cancer 
etiology related to pesticide exposure would increase perceived threat of illness and 
cancer, respectively, but there is a chance that these items could have performed in the 
opposite way and led to some sense of protection. Additionally, the use of a summary 
score assumes item equivalence (Streiner &  Norman, 2009), that is, that perceived 
severity, perceived efficacy, and knowledge all weigh the same in predicting protective 
behaviors.  
There is also the phenomenon of psychological distance at work. The difference 
between “agree” and “strongly agree” on knowledge may be different from the difference 
between “agree” and “strongly agree” on perceived severity in the eyes of the respondent, 
and this is an underlying complication of the use of summary scores and assuming 
equivalence of both items and scale (Streiner & Norman, 2009).  





useful. Based on the results we obtained, one would think that threat does not predict or 
relate to protective behavior at all, and that defies both logic and the theoretical model. 
We surmise that it is actually a lack of sufficient tool development (number of items, an 
item too psychologically distant for workers, an item that may have performed opposite 
to our hypothesis, and an item that may not have measured the outcome more closely 
linked to threat respectively) and not a failure of the threat as originally posited by the 
HBM to predict the likelihood of engaging in protective behavior.  
 
Implications for Future Research 
 
Farmworkers were observed using and discussed PPBs that are not mandated by 
the EPA in the WPS. Studies are needed to understand if the wearing of hats and water-
resistant outerwear and changing clothes at mid-day are efficacious in minimizing 
exposures to pesticides. Hats are used to minimize sun exposure, which reduces the risk 
of skin cancer as well as the likelihood of a heat-related adverse event (National Institute 
for Occupational Safety and Health, 2014b); however, farmworkers often carry tobacco 
leaves on their heads during harvest. Cloth baseball caps were the most commonly used; 
the efficacy of those hats in minimizing pesticide exposure, especially when they are wet, 
is unknown, and alternatives may exist. Likewise, water-resistant outerwear was often 
observed in use in the early morning hours. The farmworkers described this as a way to 
keep their clothes dry and minimize exposures to both pesticides and nicotine. 
Farmworkers often used trash bags as their water-resistant outerwear. Whether or not this 
actually decreases exposures to either pesticides or nicotine should be examined, as well 





outerwear should be weighed against risk for an adverse heat event.  
Farmworkers were also observed and described using bandanas to minimize 
exposure in a number of ways: covering their mouths, wiping sweat, opening bottles 
when their hands were soiled, and so forth. Bandanas’ efficacy in minimizing exposures 
is unknown. Finally, while it is understood that epidermal hydration through covering of 
the skin with wet clothing and humidity both increase permeability of the skin (Hodgson, 
2010), more research may be needed on the time it takes for pesticides to penetrate 
clothing and then the skin and have an adverse impact on the body. While some 
literature, especially about GTS, suggests that farmworkers change whenever they are 
wet (National Institute for Occupational Safety and Health, 2006), having supplies and a 
place to change at any time is not realistic in the field, and an examination of the efficacy 
of setting routine intervals and space for changing clothes is worth further study.  
In retrospect, it may have been valuable to inquire in the Self-Report of Behavior 
Questionnaire about the perception of provision of supplies, because a prior study that 
relied on self-reported data found that reported availability of washing supplies was 
directly related to the use of those supplies. For example, would the farmworkers on 
Farm 3 have reported that supplies were normally present, were not normally present, or 
sometimes were present? If the lack of consistent provision of supplies was perceived as 
nonprovision, that could be getting in the way of behaviors. Likewise, what would the 
workers on Farm 2 have said when observation showed that the supplies were there all of 
the time, but they never utilized them? Did the fact that those farmworkers moved so 
much more between farms affect what they took notice of being provided for them? 





interesting and could be contrary to prior findings.  
Influence was an interesting concept that emerged from the targeted interviews. 
Washing behaviors were poorest where there was neither a grower nor a work supervisor 
present throughout the day. It was often unclear when the farmworkers referred to their 
boss whether they were talking about the grower or the work supervisor (in situations 
where a work supervisor was utilized). The influence and impact of the work supervisor 
on protective behaviors should be examined. Likewise, farmworkers talked a lot about 
the importance of influential peers. Some farmworkers identified themselves as leaders, 
and novice workers said they looked to those peers as sources of training, protection, and 
advice. The focus, timing, and content of training might benefit from improvement, and 
might be extended by offering peer support from moderately experienced peers, who 
themselves practice PPB, as part of tailored training above and beyond the videos that are 
often shown. It would also be worth examining the impact of additional education about 
pesticides from informal leaders in the field and the impact that their training and their 
ability to train others has on PPB adherence and perceptions of peer support in the field.  
Finally, reinforcement was not considered at all. What do growers do to reinforce 
positive behaviors in the field and to retrain on insufficient ones? This was an area of 
inquiry that was not explored and that could be powerful, because growers reported their 
own behaviors as being influential to what farmworkers do, and both farmworkers and 
growers perceived growers as powerful influencers of behavior.  
The targeted interview results demonstrate that workers in tobacco are concerned 
about the adverse effects of GTS. It may be that they are taking the protective behaviors 





interesting to see if farmworkers in fruit, for example, were less compliant with pesticide 
protective behaviors and perceived less threat of illness and cancer than farmworkers in 
tobacco. In addition to exploring behaviors and perceptions of farmworkers working in 
another crop, it would be interesting to again propose an intervention study for tobacco 
farmworkers in which behaviors that protect against both GTS and pesticide exposure are 
shared, and in which the possible outcomes of both types of exposure are shared, and 
compare behaviors and perceptions of those who watched that video to those who 
watched one of the more common videos about pesticides alone. It may be that 
addressing GTS risk in particular captures and keeps the attention of farmworkers in 
tobacco, and leads to more protective behavior changes than training that addresses 
pesticides alone.  
The significant differences in behavior across the farms, even when many 
personal characteristics were not significantly different, suggests that larger numbers of 
farms may need to be examined. It is interesting that the one farm that employed 
farmworkers not on work contracts and with the lowest educational attainment had the 
greatest need to improve washing behaviors. It is not known if inclusion of farms that had 
declined to participate in farm safety research would have varied the results. Furthermore, 
as behaviors were different based on work task and the majority of farmworkers in this 
study were observed during harvest, research that includes more farmworkers in early 
and late season would help with understanding variation in behavior based on work task 
and time in season.  
The cancer threat and illness threat instruments were utilized for the first time in 





been a confirmatory and not exploratory use of the instruments. Knowing people who 
were sick or had cancer as a result of pesticide exposure was the item that comprised a 
weaker factor in the scale, and was removed from the summary score. This may point to 
the concept of fatalism and its prevalence in the farmworker community, as well as its 
impact on PPB, and that would be interesting to explore.  
In retrospect, questions about control may have been more relevant to the threat 
summary score and were not asked. Theoretically, if one perceives control over 
exposures, he/she should perceive less threat, and the opposite is also true. Because 
illness threat and cancer threat had nonsignificant correlations with behavior, feeling 
threatened by illness and cancer were not enough to motivate engaging in PPB. 
Qualitative findings suggest a number of other things were important in influencing PPB: 
what one’s peers do, one’s own prior experience, training, and knowing people who were 
sick as a result of exposure.  
Utilizing the Health Belief Model as a guide, the aforementioned factors, 
especially cues to action which arose in the qualitative findings, self-efficacy in carrying 
out the behaviors, psychological variables such as fatalism, barriers and benefits (of 
protective washing behaviors, in particular), and competing threats, each of which arose 
across the study in responses of participants, may have had more of an impact on 
protective behavior than threat, and may have accounted for why some nonsignificant 
relationships were found between perceived threat and behavior. If we were to measure 
threat again, it might be cleanest to measure only perceived susceptibility and severity, 
and to do so with more than one question, as opposed to also including knowledge and 





exist in terms of assumptions of item equivalence, but the items would all be more 
closely related to each other and the concept of threat.  
The vast majority of participants in this study were trained by video. It might be 
helpful in a future study to examine the various training videos and analyze which 
promote hand washing the best. It might also be helpful to perhaps design an intervention 
in which a training video more focused on washing behaviors was utilized, and to show 
the intervention video to one group of farmworkers and one of the more-often-utilized 
videos to another and to look for differences in washing behaviors based on the training 
video used. It seems that the training videos that are valued by participants as sources of 
information and whose recency of viewing is related to perceived susceptibility to illness 
and perceived efficacy of PPB could be improved.  
 
Implications for Practice, Policy, and Training 
 
Once the efficacy of bandanas, hats, water-resistant outerwear, and changing of 
clothes at given intervals is understood, implications exist for education and policy. 
Those findings should be used with policy makers to inform meaningful changes to the 
WPS in terms of behaviors mandated to be taught as protective, and to consider who 
should be responsible for provision of supplies and enforcement of behaviors. The WPS-
based video most often utilized in training by the farms in this study instructs that 
growers provide soap, water, towels, and equipment (which for applicators includes 
boots, gloves, goggles, and wide-brimmed hard hats). It says that PPE should be 
chemical-resistant (e.g., gloves should not be cotton or leather and coveralls should be 





required, but does not specify provision. Making it clear that the responsibility for these 
supplies falls to the worker him-/herself may be valuable. While not mandated for 
farmworkers, gloves were often observed being used in this study, so clear delineation in 
training about who is responsible for the provision of gloves may also be useful. 
Furthermore, the video in use at these farms is not specifically targeted to farmworkers 
who do not directly handle pesticides, and one that is more targeted to the protective 
behaviors of these farmworker may be beneficial.  
In addition to the training videos including more about provision of supplies and 
responsibility for doing so, it would be helpful if training also addressed the importance 
of protective behavior across the season. Gloves and water-resistant outerwear were used 
more on the third farm and later in the season than on the first farm, but it is unknown 
whether that is a result of differences in farm culture, differences in provision of supplies, 
or differences of time in season (and perceived risk of particular tasks). Pesticides are 
present across the growing season, and making this clear in training would be valuable, as 
well as the fact that tasks and exposure risks may vary across the season. Also, 
farmworkers are shown in the training video washing their hands after removing gloves. 
This would be very beneficial to reinforce in a discussion/presentation format, because 
the wearing of gloves may lead farmworkers to believe that gloves alone are effective in 
limiting pesticide exposure. Finally, in 2014 a proposal was made to increase mandatory 
pesticide safety training from every 5 years to annually (U.S. EPA, 2014). Recency of 
training was positively, though weakly, related to perceived susceptibility to illness and 






Both farmworkers and growers perceived more threat of illness than they did 
threat of cancer from pesticide exposure, which is consistent with prior findings (Elmore 
& Arcury, 2001; Quandt et al., 1998). Growers might benefit from more education about 
the established relationships between pesticide exposure and cancer, especially because 
they report not knowing much about cancer etiology and knowing no one who developed 
cancer after working with pesticides, which may significantly impact their perception of 
cancer threat.  
While not a part of the cancer and illness threat findings, it may be valuable to 
review with growers the importance of consistent availability of supplies for washing as 
one component of making the washing of hands and face habitual, and as being in 
compliance with the Field Sanitation Standard (North Carolina Department of Labor, 
2005). Perhaps one of the reasons for inconsistent washing behaviors on Farm 3 was 
inconsistent provision of supplies. Observational data demonstrated that growers might 
benefit from successful strategies to overcome the barriers of keeping washing supplies 
available and ensuring that they are utilized by the workers.  
Other observations were gained through extended field observations, though not a 
part of the aims of the study. Much of the academic and lay literature has polarized 
growers and farmworkers, highlighting power imbalances, communication problems, and 
struggles for justice. While these issues are a reality for some Latino migrant and 
seasonal farmworkers and growers in North Carolina, it is not the only condition that 
exists. One grower in this study had employed the exact same individual workers for 
several years. He stayed in touch with his employees over the course of the year, sending 





significant events. At that farm, a party was traditionally held on the last day of work, in 
which the grower took the workers to a restaurant of their choosing and presented them 
with a gift. They in turn came from Mexico with a gift for the grower.  
On another farm, the grower would bring breakfast for his workers from a local 
restaurant every Friday morning. He also brought Christmas gifts to all of the children of 
those families in the off season, and they recognized a significant event in the life of the 
grower in the off season as well.  
On a third farm the grower reported pride in being able to provide “plates” 
(dinners) to all of his workers from local fundraising events. He described it as an 
opportunity for the community to recognize his workers, a way to support his 
community, and a way to share the local culture and food with his workers. While a 
couple of incidents of verbal confrontation over work-related issues were witnessed, the 




This study demonstrated that farmworkers are reporting and utilizing protective 
clothing mandated by the WPS in the field. They are also utilizing nonmandated clothing 
such as hats and water-resistant outerwear, which need to be examined for efficacy in 
reducing pesticide exposures. They are reporting far more washing of hands and face in 
the field before eating and drinking than is actually done, however. This raises concerns 
about prior studies that have relied on self-report of behaviors in the field. It also stresses 
the need to focus intervention and education on the importance and efficacy of washing 





the Field Sanitation Standards established by the North Carolina Department of Labor 
(North Carolina Department of Labor, 2005) and encouraged to make washing supplies 
consistently available in the field, to promote their use. The study also demonstrated that 
while farmworkers reported more familiarity with immediate illness than long-term 
illnesses as a result of pesticide exposure, they did perceive a threat of longer-term illness 
and cancer from pesticide exposure.  
While farmworkers demonstrated higher scores of perceived threat, threat was not 
highly correlated with the self-reported and observed protective behaviors used. Both 
growers and farmworkers perceived benefits of pesticide protective behaviors, and found 
them to be efficacious in minimizing exposures. Farmworkers in this study were 
concerned about GTS, and perceived PPBs as effective in minimizing both risks. Wetness 
was their major obstacle to PPB, and they utilized several behaviors that have not been 
evaluated for efficacy in minimizing pesticide exposures, including wearing hats and 
water-resistant outerwear, as well as wearing bandanas and changing clothes at midday.  
Farmworkers perceived their experience and the experience of their peers as 
facilitating PPB. There was some evidence that farmworkers with more years in U.S. 
agriculture, more years in tobacco, and greater skill in reading in English were slightly 
more likely to report greater knowledge about pesticides. Recency of training emerged as 
the personal characteristic most related to perceived susceptibility to illness from 
pesticides, as well as perceived efficacy of PPB, all measured within the threat 
questionnaires, which is valuable for future interventions. Utilizing experienced peers 
(<10 years), who themselves practice PPB, as trainers in practice sessions and as sources 





protective behaviors of Latino migrant and seasonal farmworkers.  
Farmworkers in this study were observed using more protective clothing 
behaviors than previously reported, but had low rates of washing even when supplies 
were available. Long sleeves, long pants, and closed shoes were highly utilized by the 
farmworkers in this study, and this was consistent with their self-report of those 
behaviors. Long sleeve use was reported more than it was observed, and washing 
behaviors were markedly overreported.  
Farmworkers perceived pesticide exposure as an illness and cancer threat and 
endorsed the efficacy of protective clothing behaviors in minimizing those risks. While 
threat perception was not correlated with protective behavior use, findings suggest that 
longer agricultural experience was associated with fewer protective clothing behaviors. 
Farmworkers described wetness as the major obstacle to PPB. This was tied to their 
concern for GTS and motivated their use of gloves and water-resistant outerwear. The 
efficacy of water-resistant outerwear in minimizing pesticide exposures is unknown. 
Given the higher rates of self-reported behaviors, self-report should not be used as a 
proxy for actual behavior in the field. Public health implications include the need for 
more emphasis on washing behaviors in training, the potential benefit of moderately 
experienced farmworkers in reinforcing PPBs in the field, and the value of training more 
frequently than every 5 years. For tobacco farmworkers in particular, pairing concerns 
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Notes included: weather, work task, what was provided to wash, hand sanitizer, water-
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Cuestionario de Auto-Informe (Trabajadores agrícolas) 
 
Ud. trabaja normalmente… Si No A veces Notas 
a. ¿Con zapatos cerrados? 1 2 3  
b. ¿Con calcetines? 1 2 3  
c. ¿Usando una camisa con mangas largas? 1 2 3  
d. ¿Usando pantalones largos? 1 2 3  
e. ¿Usando guantes mientras trabaja? 1 2 3  
 Ud. normalmente ….    
f. ¿Se lava su cara antes de comer? 1 2 3  
g. ¿Se lava sus manos con agua y jabón antes de comer? 1 2 3  
h. ¿Se lava sus manos con desinfectante de manos antes de comer? 1 2 3  
i. ¿Se lava su cara antes de beber? 1 2 3  
j. ¿Se lava sus manos con agua y jabón antes de beber? 1 2 3  
k. ¿Se lava sus manos con desinfectante de manos antes de beber? 1 2 3  
l. ¿Se baña inmediatamente después de tener contacto directo con 
un pesticida (por ejemplo cuando una pesticida se tira o se caí)? 
1 2 3  
m. ¿Reusa alguna ropa de trabajo, incluyendo calcetines y ropa 
interior, sin lavarlos? 
1 2 3  
n. ¿Se lleva contenedores vacios de pesticidas a casa? 1 2 3  
o. ¿Se lleva los pesticidas a casa? 1 2 3  
p. ¿Entra en zonas restringidas en el campo? 1 2 3  
q. ¿Se Cambia ropa después del trabajo? 1 2 3  
r. ¿Se lava sus manos antes de usar el baño? 1 2 3  
s. ¿Se lava todo su cuerpo incluso su cabello, después de trabajar? 1 2 3  
t. ¿Se lava sus manos/cara antes de fumar, masticar tabaco o 
masticar chicle? 
1 2 3  
u. ¿Se mantiene fuera de las áreas en las cuales el “jefe le dice no 
entrar”?  
1 2 3  
v. ¿Mantiene alejados a los niños de los pesticidas? 1 2 3  
w. ¿Lava usted su ropa de trabajo separada de su ropa normal o de 
familia? 
1 2 3  
 






Self-Report Questionnaire (Farmworkers) 




a. In closed shoes?  1 2 3  
b. With socks on? 1 2 3  
c. Wearing a shirt with long sleeves? 1 2 3  
d. Wearing long pants? 1 2 3  
e. Wear gloves while you work? 1 2 3  
 Do you normally….    
f. Wash your face before eating? 1 2 3  
g. Wash your hands with soap and wáter before eating? 1 2 3  
h. Wash your hands with hand sanitizer before eating? 1 2 3  
i. Wash your face before drinking? 1 2 3  
j. Wash your hands with soap and wáter before drinking? 1 2 3  
k. Wash your hands with hand sanitizer before drinking? 1 2 3  
l. Shower immediately after direct contact with a pesticide (for 
example when a pesticide falls or is spilled)? 
1 2 3  
m. Re-wear any work clothes, including socks and underwear, without 
washing them? 
1 2 3  
n. Take empty pesticide containers home? 1 2 3  
o. Take pesticides home? 1 2 3  
p. Enter restricted areas in the field? 1 2 3  
q. Change clothes after work? 1 2 3  
r. Wash your hands before using the bathroom? 1 2 3  
s. Wash your whole body including your hair, after work? 1 2 3  
t. Wash your hands/face before smoking, chewing tobacco or chewing 
gum? 
1 2 3  
u. Stay out of areas “the boss tells you not to enter”?  1 2 3  
v. Keep children away from pesticides? 1 2 3  
w. Have work clothes washed separately from non-work or family 
clothing? 
1 2 3  
 

































Cuestionario de Amenaza de Enfermedades (Trabajadores Agrícolas) 
Por favor responda las siguientes preguntas acerca de los pesticidas: Esta carta le puede 
ayudar hacer su selección.  
 
Cuestionario de Amenazas de Enfermedades.  
 









a. Trabajar con los pesticidas puede causar 
problemas de salud. ¿Ud. está muy en 
desacuerdo, en desacuerdo, de acuerdo, o muy 
de acuerdo? 
1 2 3 4 
b. Trabajar con pesticidas aumenta los riesgos 
de las familias por problemas de salud. ¿Ud. está 
muy en desacuerdo, en desacuerdo, de acuerdo, 
o muy de acuerdo? 
1 2 3 4 
c. Los problemas de salud causados por 
pesticidas son graves. ¿Ud. está muy en 
desacuerdo, en desacuerdo, de acuerdo, o muy 
de acuerdo? 
1 2 3 4 
d. Yo se mucho sobre pesticidas. ¿Ud. está muy 
en desacuerdo, en desacuerdo, de acuerdo o muy 
de acuerdo? 
1 2 3 4 
e. Utilizar comportamientos protectores de 
pesticidas (por ejemplo llevando camisas de 
manga larga, pantalones largos y botas de 
trabajo) se reduciría el riesgo de problemas de 
salud. ¿Ud. está muy en desacuerdo, en 
desacuerdo, de acuerdo o muy de acuerdo? 
1 2 3 4 
f. Yo conozco a gente quien ha desarrollado 
problemas de salud después de trabajar con 
pesticidas. ¿Ud. está muy en desacuerdo, en 
desacuerdo, de acuerdo o muy de acuerdo? 




































Cuestionario de Amenaza de Cáncer (trabajadores agrícolas) 
Por favor conteste las siguientes preguntas sobre el cáncer. Mientras estas preguntas 
suenan similares a las últimas preguntas, estas están preguntando sobre cáncer en 
específico. Esta carta le puede ayudar hacer su selección. 
 










a. Trabajando cerca de pesticidas aumentan 
los riesgos de cáncer en uno? ¿Ud. está muy 
en desacuerdo, en desacuerdo, de acuerdo, o 
muy de acuerdo? 
 
1 2 3 4 
b. Trabajando cerca de pesticidas aumenta el 
riesgo de cáncer en la familia. ¿Ud. está muy 
en desacuerdo, en desacuerdo, de acuerdo, o 
muy de acuerdo? 
 
1 2 3 4 
c. Cáncer es una enfermedad seria. ¿Ud. está 
muy en desacuerdo, en desacuerdo, de 
acuerdo, muy de acuerdo? 
 
1 2 3 4 
d. Yo se mucho sobre como uno contrae el 
cáncer. ¿Ud. está muy en desacuerdo, en 
desacuerdo, de acuerdo, muy de acuerdo?  
 
1 2 3 4 
e. Usar comportamientos protectores de 
pesticidas (por ejemplo usar camisas de 
manga larga, pantalones largos y botas de 
trabajo) podría disminuir el riesgo de cáncer. 
¿Ud. está muy en desacuerdo, en desacuerdo, 
de acuerdo, muy de acuerdo? 
 
1 2 3 4 
f. Yo conozco gente quien ha desarrollado 
cáncer después de trabajar con pesticidas. 
¿Ud. está muy en desacuerdo, en desacuerdo, 
de acuerdo, muy de acuerdo? 
 
1 2 3 4 



































Preguntas Especificas de la Entrevista (Trabajadores agrícolas) 
 
Ahora vamos a empezar con preguntándole algunas preguntas sobre su comportamiento. 
No hay respuestas correctas o equivocadas para ninguna de estas preguntas. Nosotros 
estamos interesados en su opinión.  
1. ¿Qué son los riesgos de salud que Ud. le preocupa sobre el trabajo agrícola? 
 
2. ¿Qué hace Ud. para protegerse de exposición del pesticida? 
 
3. Si cualquiera de sus comportamientos esta semana fueron raros, dígame por 
qué. 
Antes de continuar, quiero explicar lo que tenemos en mente cuando decimos 
comportamientos protectores de pesticida. Estos comportamientos incluyen: usar 
pantalones largos, usar camisas de mangas largas, usar zapatos y calcetines, lavarse las 
manos y la cara antes de comer, beber, fumar, masticar chicle o tabaco o usar el baño en 
el trabajo, mantenerse alejado de las áreas donde los pesticidas están siendo aplicados, 
obedeciendo señales en áreas que su jefe le indique tales como no pasar y evitar aun 
cuando no hay ninguna señal de registro, nunca traiga los pesticidas o contenedores de 
pesticidas del trabajo a su casa, mantener a los niños lejos de las áreas donde los 
pesticidas pueden estar, lavarse todo el cuerpo incluso el cabello después del trabajo cada 
día, mantener la ropa de trabajo lejos de la ropa normal y de la ropa de la familia y lavar 
la ropa de trabajo (incluso guantes de algodón) antes de usarlos de nuevo.  
 
4. ¿Cuáles son los beneficios del comportamiento protector de pesticidas? 
 
5. ¿Cuáles de sus comportamientos piensa Ud. que protegen la exposición a 
pesticida? 
 
6. ¿Cuáles comportamientos protectores de pesticida son fáciles hacer? ¿Por 
qué? 
 
7. ¿Cuáles comportamientos piensa Ud. que aumentan su riesgo de exposición a 
pesticida? 
 
8. ¿Cuáles comportamientos protectores de pesticida son difíciles hacer? ¿Por 
qué? 
 
9. ¿Qué estrategias podrían hacer más fáciles estos comportamientos? 
 
10. ¿Qué le impide hacer los comportamientos protectores de pesticida? 
 
11. ¿Además de lo que ya hace para protegerse de la exposición de pesticidas, que 






12. ¿Qué más pudieran hacer los otros para protegerlo de la exposición de 
pesticida (por ejemplo, sus compañeros o su jefe)? 
 
13. ¿Quién influye sus comportamientos protectores de pesticidas? ¿Cómo? 
 
14. ¿Si Ud. pudiera sugerir alguna cosa para minimizar la exposición de pesticida, 
que sería? 
 
15. Dígame un poco sobre lo que Ud. sabe de exposiciones de pesticidas y 
problemas de salud. 
 
16. Dígame un poco sobre lo que Ud. sabe de exposiciones de pesticidas y de 
cáncer.  






Targeted Interview Questions (farmworkers) 
Now we are going to begin asking you some questions about your behavior. There are no 
right or wrong answers to any of these questions. We are interested in your opinion.  
 
1. What are the health risks that concern you about farm work?  
 
2. What do you do to protect yourself from pesticide exposure? 
 
3. If any of your behaviors this week were unusual, tell me why. 
Before continuing, I want to explain what we have in mind when we say pesticide 
protective behaviors. These behaviors include: wearing long pants, wearing long sleeved 
shirts, wearing shoes and socks, washing your hands and face before you eat, drink, 
smoke, chew gum or tobacco or use the toilet at work, staying out of areas where 
pesticides are being applied, obeying keep out signs and areas your boss tells you to 
avoid even when no sign is posted, never taking pesticides or pesticide containers home 
from work, keeping children away from areas where pesticides may be, washing the 
whole body including hair after work each day, keeping dirty work clothes away from 
non-work clothes and from the family laundry and washing work clothes (including 
cotton gloves) before using them again.  
4. What are the benefits of pesticide protective behaviors? 
5. Which of your behaviors do you think protect you from pesticide exposure? 
6. Which pesticide protective behaviors are easy to do? Why?  
7. Which behaviors do you think increase your risk for pesticide exposure?  
8. Which pesticide protective behaviors are hard to do? Why?  
9. What strategies could make those behaviors easier?  
10. What gets in your way of doing pesticide protective behaviors?  
 
11. In addition to what you are already doing to protect yourself from pesticide 
exposure, what else could you do to protect yourself from pesticide exposure?  
 
12. What else could be done by others to protect you from pesticide exposure?  
 
13. Who influences your pesticide protective behaviors? How? 
 
14. If you could suggest anything to minimize pesticide exposure what would it 
be? 
 







16. Tell me a little about what you know about pesticide exposure and cancer.  
 



































Targeted Interview Questions (Growers) 
There are no right or wrong answers to any of these questions. We are interested in your 
opinion. 
 
1. What are the health risks that concern you about farm work?  
 
2. Tell me a little bit about what you know about pesticide exposures and health 
problems.  
 
3. What do you do to protect yourself from pesticide exposure? 
 
4. What do farmworkers on this farm do to protect themselves from pesticide 
exposure? 
 
5. How do you track the pesticide protective behavior training of the farmworkers 
who work with you? 
Before continuing, I want to explain what we have in mind when we say pesticide 
protective behaviors. These behaviors include: wearing long pants, wearing long sleeved 
shirts, wearing shoes and socks, washing your hands and face before you eat, drink, 
smoke, chew gum or tobacco or use the toilet at work, staying out of areas where 
pesticides are being applied, obeying keep out signs and areas your boss tells you to 
avoid even when no sign is posted, never taking pesticides or pesticide containers home 
from work, keeping children away from areas where pesticides may be, washing the 
whole body including hair after work each day, keeping dirty work clothes away from 
non-work clothes and from the family laundry and washing work clothes (including 
cotton gloves) before using them again. 
 
6. What are the benefits of pesticide protective behaviors? 
 
7. Which of your behaviors do you think protect you from pesticide exposure? 
 
8. Tell me a little bit about how sure you are that you can do things to protect 
yourself from pesticide exposure. 
 
9. Which pesticide protective behaviors are easy for you to do? Why?  
 
10. Which behaviors do you think increase your risk for pesticide exposure? 
 
11. Which pesticide protective behaviors are hard for you to do? Why? 
 
12. What gets in the way of you doing pesticide protective behaviors? 
 
13. What benefits are there to not doing pesticide protective behaviors? 
 






15. Tell me a little bit about how sure you are that farmworkers can do things to 
protect themselves from pesticide exposure.  
 
16. Which pesticide protective behaviors are easy for farmworkers to do? 
 
17. Which behaviors do you think increase farmworkers’ risk for pesticide exposure? 
 
18. Which pesticide protective behaviors are hard for farmworkers to do? Why?  
 
19. What strategies could make those behaviors easier? 
 
20. What gets in the way of farmworkers doing pesticide protective behaviors? 
 
21. What benefits are there to farmworkers not doing pesticide protective behaviors? 
 
22. What else could farmworkers do to protect themselves from pesticide exposure?  
 
23. What else could be done by others to protect farmworkers from pesticide 
exposure?  
 
24. Who influences farmworkers’ pesticide protective behaviors? How? 
 


































Consent and Authorization Cover Letter 
Workplace Behaviors of Farmworkers 
 
The purpose of this research study is to understand the behaviors of farmworkers while at 
work. We are doing this study because we know that some workplace behaviors can help 
keep people safe while others can be dangerous. We want to see what their behaviors are 
normally like and how they feel about their behaviors at work. We also want to know 
what you think about the workplace behaviors of farmworkers and your own workplace 
behaviors as well.  
 
We would like to ask you to allow us to observe farmworkers doing what they normally 
do while they are working. On the Sunday that follows their workday, we would like to 
ask them to answer several questionnaires and do a brief audio-recorded interview about 
their behaviors at work. We do not need their names or any identifying information for 
them to participate. They will simply be given a number so that what they do can be 
matched to what they tell us they do and how they think and feel about their behaviors. 
We are also interested in what you think and feel about workplace behaviors and once we 
have observed and asked questions of all of the farmworkers who are willing to 
participate, we will come back and do a brief audio-recorded interview with you as well. 
You will also be identified only by a farm number. Your participation will help us to 
understand how to make the workplace safer for farmworkers. You will be given a $100 
gift card for access to those farmworkers working for you, ability to observe on your 
farms and for your answers to the question portions of this study. 
 
If you have any questions complaints or if you feel you have been harmed by this 
research please contact AnnMarie Walton, PhD Nursing Student at the University of 
Utah at (919) 619-1609.  
 
Contact the Institutional Review Board (IRB) if you have questions regarding your rights 
as a research participant. Also, contact the IRB if you have questions, complaints or 
concerns which you do not feel you can discuss with the investigator. The University of 
Utah IRB may be reached by phone at (801) 581-3655 or by e-mail at irb@hsc.utah.edu.  
 
It should take less than 30 minutes at the end of the farmworker data collection for you to 
participate in this study. Participation in this study is voluntary. You can choose not to 
take part. You can choose not to finish the questionnaire or omit any question you prefer 
not to answer without penalty or loss of benefits.  
 
How we will protect and share your information: 
 
 We will do everything we can to keep your information private but we cannot 
guarantee this. Study information will be kept in a secured manner and electronic 
records will be password protected.  
 





form, the research records may be used and reviewed by others who are working 
with us on this research: 
o Members of the research team at the University of Utah, the University of 
North Carolina and North Carolina State University as well as the 
interviewer collecting the data 
o The University of Utah Institutional Review Board (IRB), who reviews 
research involving people to make sure the study protects your rights 
 
What if I decide to Not Participate after I agree to the Consent and Authorization 
Form? 
You can tell us anytime that you do not want to be in this study and do not want us to use 
your health information. You can also tell us in writing. If you change your mind, we will 
not be able to collect new information about you, and you will be withdrawn from the 
research study. However, we can continue to use information we have already started to 
use in our research, as needed to maintain the integrity of the research.  
 
This authorization does not have an expiration date.  
 
Thank you so much for considering participation in this research study to understand how 
to make the workplace safe for farmworkers.  
 
 
Grower signature ______________________________________ Date: __________ 
 
 




































Carta de presentación de consentimiento y autorización 
Comportamientos en el espacio laboral de los agricultores 
 
El objetivo de este estudio de investigación es entender los comportamientos que usted 
tiene mientras está en el trabajo. Estamos haciendo este estudio porque sabemos que 
algunos comportamientos del espacio laboral pueden ayudar a mantenerlo seguro 
mientras que otros pueden ser peligrosos. Queremos ver cómo son sus comportamientos 
normalmente y cómo se siente acerca de sus comportamientos en el trabajo.  
 
Nos gustaría pedirle que nos permita observarlo hacer lo que hace normalmente mientras 
está trabajando. En el domingo después de su día de trabajo, nos gustaría pedirle que 
responda varios cuestionarios y que haga una entrevista breve grabada sobre sus 
comportamientos en el trabajo. No necesitamos su nombre ni ninguna información que lo 
identifique para que participe. Simplemente se le dará un número para que lo que haga se 
pueda comparar con lo que nos dice que hace y cómo piensa y se siente sobre sus 
comportamientos. Su participación nos ayudará a entender cómo hacer más seguros los 
espacios laborales para los agricultores. Se le dará una tarjeta de regalo de $25.00 por su 
participación en las partes de observación y preguntas de este estudio.  
 
Si tiene alguna pregunta, queja o si siente que esta investigación lo lastimó, por favor, 
comuníquese con AnnMarie Walton, PhD, estudiante de enfermería en la Universidad de 
Utah al (919) 619-1609.  
 
Comuníquese con el Comité de Revisión Institucional (IRB, por sus siglas en inglés) si 
tiene preguntas referentes a sus derechos como participante de investigación. También, 
comuníquese con el IRB si tiene preguntas, quejas o preocupaciones que siente que no 
puede hablar con el investigador. Se puede comunicar con el IRB de la Universidad de 
Utah por teléfono al (801) 581-3655 o por correo electrónico a irb@hsc.utah.edu.  
 
Lo observaremos trabajando por aproximadamente 12 horas y el domingo tomará 30 
minutos para participar en este estudio. La participación en este estudio es voluntaria y 
puede decidir no participar. Puede decidir no terminar el cuestionario u omitir cualquier 
pregunta que prefiera no responder sin penalización ni pérdida de beneficios.  
 
Cómo protegeremos y compartiremos su información:  
 
 Haremos todo lo que podamos para mantener privada su información, pero no 
podemos garantizarlo. La información del estudio se guardará de una manera 
segura y los registros electrónicos estarán protegidos con una contraseña.  
 
 Con el fin de realizar este estudio y asegurarse de que se lleve a cabo según se 
describe en este documento, otros que trabajan con nosotros en esta investigación 
pueden usar y revisar los registros de investigación.  
o Los miembros del equipo de investigación en la Universidad de Utah, la 





también el entrevistador que recopila los datos.  
o El Comité de Revisión Institucional de la Universidad de Utah (IRB, por 
sus siglas en inglés) quien revisa la investigación que involucra a personas 
para asegurarse de que el estudio protege sus derechos.  
 
¿Qué pasa si decido no participar después de que haya estado de acuerdo en el 
documento de consentimiento y autorización?  
 
Nos puede decir en cualquier momento que no quiere estar en este estudio y que no 
quiere que usemos su información de salud. También nos puede decir por escrito. Si 
cambia de idea, no podremos recopilar nueva información sobre usted y se le retirará del 
estudio de investigación. Sin embargo, podemos usar la información que ya hayamos 
empezado a usar en nuestra investigación, según sea necesario para mantener la 
integridad de la investigación.  
 
Esta autorización no tiene fecha de vencimiento.  
 
Muchas gracias por considerar la participación en este estudio de investigación para 









Consent and Authorization Cover Letter 
Workplace Behaviors of Farmworkers 
 
The purpose of this research study is to understand the behaviors you do while at work. 
We are doing this study because we know that some workplace behaviors can help keep 
you safe while others can be dangerous. We want to see what your behaviors are 
normally like and how you feel about your behaviors at work.  
 
We would like to ask you to allow us to observe you doing what you normally do while 
you are working. On the Sunday after your workday, we would like to ask you to answer 
several questionnaires and do a brief audio-recorded interview about your behaviors at 
work. We do not need your name or any identifying information for you to participate. 
You will simply be given a number so that what you do can be matched to what you tell 
us you do and how you think and feel about your behaviors. Your participation will help 
us to understand how to make the workplace safer for farmworkers. You will be given a 
$25 gift card for your participation in the observation and question portions of this study. 
 
If you have any questions complaints or if you feel you have been harmed by this 
research please contact AnnMarie Walton, PhD Nursing Student at the University of 
Utah at (919) 619-1609.  
 
Contact the Institutional Review Board (IRB) if you have questions regarding your rights 
as a research participant. Also, contact the IRB if you have questions, complaints or 
concerns which you do not feel you can discuss with the investigator. The University of 
Utah IRB may be reached by phone at (801) 581-3655 or by e-mail at irb@hsc.utah.edu.  
 
We will observe you working for approximately 12 hours and it should take 30 minutes 
on Sunday to participate in this study. Participation in this study is voluntary. You can 
choose not to take part. You can choose not to finish the questionnaire or omit any 
question you prefer not to answer without penalty or loss of benefits.  
 
How we will protect and share your information: 
 We will do everything we can to keep your information private but we cannot 
guarantee this. Study information will be kept in a secured manner and electronic 
records will be password protected.  
 
 In order to conduct this study and make sure it is conducted as described in this 
form, the research records may be used and reviewed by others who are working 
with us on this research. 
o Members of the research team at the University of Utah, the University of 
North Carolina and North Carolina State University as well as the 
interviewer collecting the data. 
o The University of Utah Institutional Review Board (IRB), who reviews 






What if I decide to Not Participate after I agree to the Consent and Authorization 
Form? 
You can tell us anytime that you do not want to be in this study and do not want us to use 
your health information. You can also tell us in writing. If you change your mind, we will 
not be able to collect new information about you, and you will be withdrawn from the 
research study. However, we can continue to use information we have already started to 
use in our research, as needed to maintain the integrity of the research.  
 
This authorization does not have an expiration date.  
 
Thank you so much for considering participation in this research study to understand how 





































Las Preguntas Demográficas(Los trabajadores agrícolas) 
Mi nombre es Liliana Galvan y soy una entrevistadora trabajando con AnnMarie Walton 
para asistarla en entiendo sus comportamientos en el trabajo.  
Como se ha señalado en el formulario de consentimiento, sus respuestas a estas 
preguntas van a ser grabadas para que podamos escucharlas de nuevo. Usted solamente 
va a estar identificada con su numero de identificación. También tomaremos notas para 
asegurarnos que captemos lo que usted nos está diciendo.  
 
1. ¿Cuál es su edad? 
_______ 
 




3. ¿Cuál es su estado civil? 
A. Casado 
B. Soltero/Nunca casado 
C. Divorciado/Separado 
 
4. ¿Cuántos hijos tiene Ud.? 
_______ 
 
5. ¿Está Ud. viviendo con familiares ahora aquí (padres, esposos, o hijos)? 
A. Si 
B. No  
 
6. ¿Cuál es su etnia? 
A. Latino 
B. Otro  
     ¿Cuál? 
 
7. ¿Qué es su país de origen? 
_______ 
 
8. ¿En los ultimos 12 meses, ha viajado a otra ciudad de los Estados Unidos o a otra 
















11. ¿Cuántos años Ud. ha trabajado en la agricultura afuera de los Estados Unidos? 
_______ 
 
12. ¿Cuántos temporados ha vivido Ud. en los Estados Unidos? 
_______ 
 
13. ¿Cuántos años ha trabajado Ud. en agricultura en los Estados Unidos? 
_______ 
 
14. ¿Cuántos años ha trabajado Ud. en tabaco? 
_______ 
 
15. ¿Qué es el nivel de educación más alto que Ud. ha completado? 
A. Menos de la escuela secundaria 
B. La escuela secundaria 
C. Alguna educación superior o más allá 
 
16. ¿Cómo caracterizaría Ud. sus conocimientos de inglés en lectura? 
A. Nada 




17. ¿Cómo caracterizaría Ud. sus conocimientos de inglés en escritura? 
A. Nada 




18. ¿Qué es su experiencia en entrenamiento de seguridad con pesticidas? (Circule 
todo los que apliquen) 
A. Nada 
B. Video 
            C. Presentación/Discusión 
            D. Sesión de Practica 
 
19. ¿En qué ano fue su último entrenamiento de pesticidas? 
_______  








(Si escoge B, por favor omita las preguntas sub. Si, escoge A, continua)  
Si dijo si, ¿qué tipo? 
Si dijo si, ¿cuándo? 
 
21. ¿Alguna vez su mama, papa, o hermanos han tenido un diagnóstico de cáncer? 
A. Si 
B. No 
(Si escoge B, por favor omita las preguntas sub. Si, escoge A, continua)  
 
Si dijo si, ¿quién? 
Si dijo si, ¿qué tipo? 
Si dijo si, ¿cuándo? 







Demographic Questions (Farmworkers) 
My name is Lilian Galvan and I am an interviewer working with AnnMarie Walton to 
assist her in understanding your behaviors at work.  
As it was pointed out in your consent form, your responses to these questions are going to 
be recorded so we can listen to them again. You are only going to be identified you’re 
your identification number. Also, we are going to take notes to ensure that we capture 
everything that you are telling us.  
1. What is your age? 
_______ 
 
2. What is your sex? 
A. Male 
 B. Female 
 
3. What is your marital status? 
A. Married 
B. Single/Never married 
C. Divorced/Separated 
 
4. How many children do you have? 
_______ 
 
5. Are you living with family here (parents, spouses or children)? 
A. Si 
B. No  
 
6. What is your ethnicity? 
A. Latino 
B. Other 
      Which? 
 
7. What is your country of origin? 
_______ 
 
8. In the last 12 months, have you traveled to another city in the United States or 
















11. How many years have you worked in agriculture outside the United States?  
_______ 
 
12. How many seasons have you lived in the United States?  
_______ 
 
13. How many years have you worked in agriculture in the United States?  
_______ 
 
14. How many years have you worked in tobacco?  
_______ 
 
15. What is the highest level of education you have completed? 
A. Less than middle school 
B. Middle School 
C. Some higher education or beyond 
 
16. How would you characterize your English skills in reading?  
A. None 
B. Very little 
C. Some  
D. A lot 
 
17. How would you characterize your English skills in writing?  
A. None 
B. Very little 
C. Some 
D. A lot 
 
18. What is your pesticide safety training experience?  
A. None 
B. Video 
 C. Presentation/Discussion 
 D. Practice session 
19. In what year was your last pesticide training?  
_______  
 









If yes, what type?  
If yes, when?  
 
21. Has your mother, father or brothers or sisters ever had a diagnosis of cancer?  
A. Yes 
B. No 
 (If B, please skip the sub questions, if A, continue) 
 
If yes, who?  
If yes, what type?  
If yes, when?  



































Demographic Questions (Growers)  
 
1. What is your age? 
_______ 
 




3. What is your marital status? 
A. Married 
B. Single/Never married 
C. Divorced/Separated 
 
4. How many children do you have? 
_______ 
 




6. How many years have you worked in agriculture in the United States? 
_______ 
 
7. How many years have you worked in tobacco?  
_______ 
 






9. What is the highest level of education you have completed?  
A. Less than high school 
B. High school 
C. Some college or beyond 
 




D. Practice Session 
 





  __________ 
 
12. Do you have a pesticide license? 
 A. Yes 
 B. No 
 
13. Please indicate which of the following activities you have done. (Check all that 
apply.) 
A. Worked in fields sprayed with pesticides 
B. Mixed or loaded pesticides 
C. Applied pesticides 
D. Provided pesticide training to farmworkers 
E. Provided pesticide training to supervisors or other pesticide safety trainers 
F. Developed pesticide safety education materials 
 
14. Have you ever had a diagnosis of cancer? 
A. Yes 
B. No 
 (If B, please skip the sub questions. If A, continue) 
 If yes, what type? 
 If yes, when? 
 
15. Has your mother, father or brothers or sisters ever had a diagnosis of cancer? 
A. Yes 
B. No 
         (If B, please skip the sub questions, if A, continue) 
If yes, who? 
If yes, what type? 
If yes, when? 

































Illness Threat Questionnaire (Growers)* 
1. Tell me a little bit about what you know about pesticide exposures and health 
problems.  
2. Please answer the following questions about pesticides:  






a. Working around pesticides can cause health problems. 
Do you strongly disagree, disagree, agree or strongly 
agree? 
 
1 2 3 4 
b. Working around pesticides increases one’s families 
risk for health problems. Do you strongly disagree, 
disagree, agree or strongly agree? 
 
1 2 3 4 
c. Health problems caused by pesticides are serious. Do 
you strongly disagree, disagree, agree or strongly agree? 
 
1 2 3 4 
d. I know a lot about pesticides. Do you strongly 
disagree, disagree, agree or strongly agree? 
 
1 2 3 4 
e. Using pesticide protective behaviors (for example 
wearing long sleeved shirts, long pants and work boots) 
would decrease one’s risk for health problems. Do you 
strongly disagree, disagree, agree or strongly agree? 
 
1 2 3 4 
f. I know people who have developed health problems 
after working with pesticides. Do you strongly disagree, 
disagree, agree or strongly agree? 
 
1 2 3 4 




































Cancer Threat Questionnaire (Growers)* 
1.  Tell me a little bit about what you know about pesticide exposures and cancer.  
2. Please answer the following questions about cancer: 







a. Working around pesticides increases one’s risk for 
cancer. Do you strongly disagree, disagree, agree or 
strongly agree? 
 
1 2 3 4 
b. Working around pesticides increases one’s families 
risk for cancer. Do you strongly disagree, disagree, 
agree or strongly agree? 
 
1 2 3 4 
c. Cancer is a serious illness. Do you strongly 
disagree, disagree, agree or strongly agree? 
 
1 2 3 4 
d. I know a lot about how one gets cancer. Do you 
strongly disagree, disagree, agree or strongly agree? 
 
1 2 3 4 
e. Using pesticide protective behaviors (for example 
wearing long sleeved shirts, long pants and work 
boots) would decrease one’s risk for cancer. Do you 
strongly disagree, disagree, agree or strongly agree? 
 
1 2 3 4 
f. I know people who have developed cancer after 
working with pesticides. Do you strongly disagree, 
disagree, agree or strongly agree? 
 
1 2 3 4 
*Exactly the same as the Appendix D Cancer Threat Questionnaire for Farmworkers (translated into 
English) 
